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Depression is a complex psychiatric disturbance involving many environmental, genetic, and epigenetic
factors. Until now, genetic, and non-genetic studies are still on the way to understanding the complex
mechanism of this disease, and there are still many questions that have not yet been answered.
Depression includes a large spectrum of heterogeneous symptoms correlated to the deficit of a range
of psychological, cognitive, and emotional processes, and it affects various age groups. It is classified into
several types according to the severity of symptoms, time of occurrence, and time. Following the World
Health Organization (WHO), depression attacks near 350 million persons globally. Several factors overlap
in causing depression, including genetic and epigenetic factors, environmental conditions, various stres-
ses, lack of some nutrients to which people are exposed, and excessive stress and abuse in childhood. This
study included conducting surveys on depression and new treatment trends based on epigenetic factors
associated with the occurrence of the disease. Epigenetic factors provide a completely novel dimension to
therapeutic approaches as most diseases are not monogenic, and it is likely that the environment has a
significant contribution. Epigenetic inheritance is included in many mental and psychiatric disorders
such as depression. In general, epigenetic modifications could be summarized in 3 major points: DNA
methylation, histone modification, and non-mediated regulation of RNA (ncRNA). This study also
describes some genes associated with one of the depressive disorders using bioinformatics tools and gene
bank and had the genes: SLC6A4, COMT, TPH2, FKBP5, MDD1, HTR2A, and MDD2. As in this study, the
awareness of Saudi society about depression and its genetic and non-genetic causes was estimated.
The results showed that an encouraging percentage of more than half of the research sample possessed
correct information about this disorder.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Depressive is a major mental disorder that involves a large
spectrum of heterogeneous symptoms related to the deficit of a
group of psychological, cognitive, and emotional processes, and it
is a common mental illness globally. According to the WHO,
depression attacks about 350 million people worldwide. (Mill
and Petronis, 2007). Depression is a disease with a broad and
heterogeneous prognosis that attacks a huge proportion of the glo-
bal population about 17–20% and is the fourth leading etiology of
disability globally. Age distributions show that depression is preva-
lent in all life stages, affecting about 8% of men and 15% of women
during their lifetime.

Depression is attributed to many known and unknown causes,
where several elements overlap to cause depression, including
genetic and epigenetic factors, environmental conditions, various
stresses, deficiency in some nutrients to which people are exposed,
as well as childhood abuse, and by the classic twin design, the
researchers found that the effect of genetic and environmental
impactions are involved in almost all psychological features
(Franić et al., 2010), a small levels of certain hormones such as
dopamine and serotonin have a significant impact on depression,
and there are many clinical and molecular characters accompanied
with depression that are hard to describe by classical genetic and
environmental ways.

Also, the accumulation of free radicals in cells cause oxidative
stress, which affect DNA and protein and may cause depression
and finally death. The natural antioxidant may play vital role in
mitigating the depression cause. The effective antioxidants include
natural extracts (El-Saadony et al., 2020; El-Saadony et al., 2022;
Abdel-Moneim et al., 2022), fiber enriched foods (Saad et al.,
2015; Saad et al., 2021a), and bioactive peptides (Saad et al.,
2021b; El-Saadony et al., 2021a, 2021b, 2021c).

Depression disrupts the typical adaptive and stress system and
is distinguished by lack of interest and gladness in most daily
works, low mood, and energy loss for at least two weeks. A huge
2

range of psychological, biological, and social factors, which are
not well recognized by current diagnostic approaches, still signifi-
cantly affect the course of depression and its prognosis. Thus, it is
essential to collect both personal and family histories of depression
when making a diagnostic evaluation (Natale et al., 2022). The
most common causes of depression are summarized in Fig. 1.

Not only does depression cause great psychological suffering,
but it also negatively affects basic biological actions that control
inflammatory process, clotting, metabolism, autonomic functions,
endocrine control, sleep, and zest. The mortality rate in cases with
major depression at any age regardless of suicide, smoking, or sev-
ere diseases. The World Health Organization has classified this dis-
order as the 4th leading etiology of disability globally (Andrey and
Jaime, 2009; Kupfer et al., 2012; Gold et al., 2015).

This review included conducting surveys on depression and
new treatment trends based on epigenetic factors associated with
the occurrence of the disease. The epigenetic modifications could
be summarized in 3 major points: DNA methylation, histone mod-
ification, and non-mediated regulation of RNA (ncRNA). This
review article also described some genes associated with one of
the depressive disorders using bioinformatics tools and gene bank
and had the genes: SLC6A4, COMT, TPH2, FKBP5, MDD1, HTR2A,
and MDD2. As in this review, the awareness of Saudi society about
depression and its genetic and non-genetic causes was estimated.
2. Common signs of depression

According to Ettman et al., (2020) depression has many differ-
ent signs including:
2.1. Emotional changes

Emotional changes as depressed person tends to feel sadness,
irritability, sadness, guilt, anxiety, feeling helplessness or hopeless-
ness, anger and/or Swings mood (Fig. 2).



Fig. 2. Common signs of depression.

Fig. 1. Major causes of depression.
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2.2. Thinking changes

Thinking changes as many negative thoughts dominate the
depressed person’s thinking as confusion, suicidal thinking, self-
criticism, indecisiveness, impaired memory, and concentration
(Fig. 2).
2.3. Behavioral changes

Behavioral changes as the depressed person tend to be isolated
from the community around him, neglect their reasonability, loss
motivation, slowly movement, change personal appearance, and
tend to crying (Fig. 2).
3

2.4. Physical changes

Physical changes as depressed person usually suffered from
continuous fatigue, irregular sleeping, sleepless or too much sleep-
ing, weight gain or loss, suffered from unexplained pain or aches.

The term depression refers to a broad spectrum of overlapping
mental disorders that are categorized via the (Diagnostic and Sta-
tistical Manual of Mental Disorders) according to the severity of
depression and its associated features and are distributed into
many types varying from bipolar I depression to major depressive
disorder (Benazzi, 2006).

Description of Benazzi, (2006) has several subtypes of depres-
sion: bipolar I depression, bipolar II depression, mixed depression,
agitated depression, atypical depression, melancholic depression,



Fig. 3. Common types of depression.
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brief recurrent depression, and minor depressive disorder includ-
ing seasonal depression and dysthymic disorders (Fig. 3).

3. Depression classification

Based on National Institute of Mental Health (NIMH, 2011) the
depression divided into following sections.

3.1. Major depression

Where the person suffers from signs of depression most of the
day, almost repeatedly, for at least 2 weeks, and in a manner that
interferes with the tendency to work, sleep, study, eat and enjoy
life.

3.2. Persistent depressive disorder (dysthymia)

The patient suffers from signs of depression that extend for
minimum about 2 years, and human with this type of depression
may have episodes of major depression along with periods of mild
signs.

3.3. Perinatal Depression

Females suffering from perinatal depression suffer from severe
full-blown prepartum or postpartum depression.

3.4. Seasonal Affective Disorder (SAD)

It is a kind of depression that comes and goes with seasons and
usually begins in late fall and early winter and goes away during
spring and summer.

3.5. Psychotic depression

This kind of depression happened when human suffers from
sharp depression in addition to some forms of psychosis, like dis-
turbances in beliefs (delusions), hearing, or seeing disturbing
things that others cannot hear or see (hallucinations).
4

Other models of depressive disorders involve dysthymia (diag-
nosed in children and adolescents) and premenstrual dysphoric
disorder (www.nimh.nih.gov).

Decreased monoamine neurotransmission (serotonin and nore-
pinephrine) and HPA axis dysregulation due to abnormalities in
cerebral blood flow are among the main symptoms of depression.
Antidepressant medications do early and effective treatment to
maintain optimal brain function and lower the hazard of disease
recurrence. Antidepressant medications increase monoamine neu-
rotransmission so that they improve mood by regulating levels of
serotonin and norepinephrine (Palazidou, 2012), and may provide
other therapies that reduce neuroimmune activation and enhance
anti-inflammatory pathways are alternative treatment options for
subgroups of depressed individuals (Naismith et al., 2012). In gen-
eral, the symptoms of depression of all kinds for the sufferer are in
his lack of adaptation to the environment in which he lives with
the loss of enthusiasm and energy in his daily activities, accompa-
nied by noticeable changes in mood, and the treatment is through
drug intervention or by helping the injured to engage in society
(Mann and Currier, 2006).

Unlike most illness of the rest organ systems such as diabetes
and tumors, for example, the diagnosis of depression is not based
on objective diagnostic tests (serum chemistry, organ imaging, or
biopsies) but a set of very variable signs. Accordingly, depression
should not be viewed as a single disease but as a heterogeneous
syndrome consisting of much illness with distinct etiologies and
pathophysiology. The mixing of medicaments and psychotherapy
(cognitive-behavioral) can synergize (Nestler et al., 2002).

Studies suggest that approximately 40–50% of the hazard of
developing depression is genetic. However, the study for certain
genes is frustrating, as no genetic anomalies have yet been identi-
fied with certainty. Depression is a complex phenomenon with
many Genes, and any single gene may make a relatively little
impact and thus would be hard to observe under experimental
conditions. It is also available that variants in different genes
may contribute to depression in each family, complicating the
study for depression genes. Genes may directly or indirectly influ-
ence mood disorders, as susceptibility to depressive factors and
stress is believed to have genetic underpinnings. Although there
are many gaps in current knowledge, a model emerges in which

http://www.nimh.nih.gov
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early life stressors can interact with genetic vulnerabilities, causing
an elevated hazard of mood disorders (Nestler et al., 2002).

Since environmental factors appear to be particularly strong in
depression, some focus has shifted to studies examining the reac-
tion of genes with environment in recent years. For example, the
serotonin genotype has been accompanied with grey matter loss
in the hippocampus and frontal cortex of depressed cases sub-
jected to early life stress. In addition, environmental experiences
can alter gene action without altering DNA sequences (Palazidou,
2012) which are called epigenetic factors or epigenetic inheritance.
4. General features of depression

Depression is an abundant disease that could attack thoughts,
mood, and physical health. It is described by low mood, loss of
energy, sadness, restlessness, and failure to handle pleasure in life
(Cui, 2015). It affects different age groups and is classified into sev-
eral types according to the severity, time, and duration of symp-
toms (National Collaborating Center for Mental Health UK, 2010).
It also affects females in a greater proportion. It constitutes a
tremendous burden on health care providers around the world
and on societies’ economies as it affects the productivity of individ-
uals and may lead to suicide or serious physical complications
(Kupfer et al., 2012).
5. The depression genetics

It is difficult to identify the genes associated with depression
because mental illness is subject to a polygenic influence and is
related to interactions among genetic variants and environmental
factors to many factors. Genetic and molecular studies continue
to advance our knowledge of the biological basis of depressive dis-
order. However, the expanded to which findings from neurobiolog-
ical research can help enhancement of clinical and functional
outcomes for depressed persons remains uncertain (Kupfer et al.,
2012).

Various methodological methods such as candidate gene analy-
sis, genome-wide association analysis, and genome-wide sequenc-
ing have been utilized. Many associations between genes and
different phenotypes of depression have been identified. Still, these
associations have not been confirmed in replication research in
most cases. A little count is only one of the genes is associated with
the hazard of existing a type of depression (Shadrina et al., 2018).
Although genetics have a role in the cause of depression, identical
twin studies showed large variation rates, suggesting non-genetic
techniques as well. For example, persistent stress increases the
hazard of depression, and environmental stressors also lead to per-
sistent changes in gene expression (Gene Expr.) levels within the
brain, leading to decreased neuroplasticity in areas related to dis-
ease development. (Uchida et al., 2018).

Opportunities to study changes in the state of depression are
restricted by the nature of the disorder and the require analyzing
cranial cells, which is only available after death. Thus, research
should be complemented by using various animal models of
depression, which would provide a possible way to assess the cor-
relation of genetic, epigenetic, and environmental effects to the
occurrence of various forms of depression and aid existence of
the treatment methods. The existence of DNA microchip technol-
ogy made it available to perform genome-wide association studies
(GWASs) to search for hazard factors for the onset of depression.
However, GWASs that use large sample sets, involving thousands
of cases with various forms of depression, failed to identify any
particular locus accountable for the occurrence of the disease. This
failure to determine genetic associations and underlying mecha-
nisms indicates that depression is a heterogeneous and multifacto-
5

rial psychiatric disorder, which suggests that predisposing factors
to depression is controlled by the function of several genes and
their reaction with each other and various environmental factors.
Some studies have reported that genetic differences in mitochon-
drial DNA may be accompanied with depression (Gibney and
Nolan, 2010; Shadrina, et al., 2018).
6. Definition of epigenetics

Epigenetics (epigenetics) is the science that studies the external
change of DNA without a change at the level of the nucleotide
sequences in the DNA, which affects the function of the gene, its
behavior, and its production of protein, and this change occurs
due to the addition of some molecules and chemical compounds
of DNA molecules, these chemical compounds are called the epige-
netic genome, where the DNA is wrapped around the histone octa-
gons to form the chromatin unit.

Tgene activity is reflected in the structure around the chro-
matin: the genes inside the relatively differentiated genetic nuclei
are actively transcribed; In contrast, genes in tightly coiled nucle-
osomes are silenced, nucleosome spacing is regulated by highly
complex mechanisms, including post-translational modification
of histones and DNA and the recruitment of huge count of chro-
matin controlling proteins that react with these changes. DNA,
but only attached to it, and these epigenetic changes continue
through cell division and maybe It is passed down from parents
to children. (Nestler, 2014).
7. Epigenetic factors

The most important factors that lead to epigenetic changes are
the style and pattern of feeding, exposure to various environmental
pollutants, bad habits such as smoking, use of certain medications,
exposure to certain types of diseases, especially during childhood
(Baccarelli and Bollati, 2009).
8. Depression and epigenetic factors

Studies and statistics, as well as laboratory experiments on
mice and experimental animals, have proven that environmental
or internal physiological external factors such as continuous psy-
chological stress, harsh environmental conditions, or psychological
trauma interact with the individuals’ genetic total and lead to
many changes at the epigenetic level, where this could be available
via epigenetic techniques that resulting in variations in Gene Expr.
with transgenerational abilities that do not include a variation in
the DNA sequence, by increasing or decreasing rates of DNA
methylation, as well as altering the formation of histones around
the DNA, which affects the expression of some proteins, by increas-
ing or decreasing, as the levels of hormones that contribute to
depressive episodes vary, basing on the conditions and factors of
the environment, the nutrition, and physical activity (Fig. 4).

Some people’s behavior and inclinations to depression, addic-
tion, or suicide, through epigenetic inheritance, which can be
passed down through generations, and scientists have linked the
above genes. Many other psychiatric diseases, such as Alzheimer’s,
schizophrenia and epilepsy, and these studies are promising in dis-
covering new drugs to treat or prevent these diseases (Saavedra
et al., 2016; Pena and Nestler, 2018). Epigenetic events change
chromatin composition and therefore modulate the Gene Expr.
that have a role in neuroplasticity, behavioral reaction to stress,
depressive behaviors, and react to antidepressants.



Fig. 4. Predisposing factors for depression.
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9. Mechanisms of epigenetic changes

Epigenetic changes occur by several mechanisms, including
methylation (adding the methyl molecule CH3), one of the most
common epigenetic changes. The methyl molecule, consisting of
3 hydrogen atoms attached to a carbon atom, is connected to parts
of DNA molecules, leading to this gene’s disruption. It stops work-
ing and stops producing the protein that carries its code. As a
result, several errors may occur in adding or not adding these
chemical molecules, which are responsible for the work and stop
of many genes, which leads to many errors and diseases such as
cancer and mental illness, which may be passed on through gener-
ations (Natale et al., 2022).
10. Histone change (change at the level of histones)

Histones are proteins that wrap around DNA. They are the first
nuclei to form chromatin, which unites DNA to create the chromo-
some. The change that occurs to these proteins helps to read and
translate more genes, which allows for the emergence and expres-
sion of more proteins, which is evident in the body’s cells. Genes
are expressed in these cells, while reading these genes stop in
another type of cell (Natale et al., 2022).

10.1. Re-forming chromatin

Through many enzymes, allows more DNA genes to express
themselves, appearing after reading them, or disappearing, and
this happens by adding a methyl molecule, demethylating a mole-
cule, or adding an acetylcholine molecule, or removing the acetyl-
choline molecule from the chromatin chain. Non-coding RNA RNA
molecules have several types (miRNA- siRNA-piRNA IncRNA), and
it plays their role in regulating the reading process and expression
of different genes. It is involved in epigenetic change processes,
and studies have proven its involvement in many causes of Dis-
eases such as cancer (Local and Ventura, 2018).

10.2. Behavioral epigenetics

Behavioral epigenetics studies the relationship and effect of
nature and various environmental impacts on genes and the
6

appearance of these genes. For example, identical twins have the
same DNA content, but they differ in behaviors, diseases, mental
and intellectual abilities, and even general appearance. Scientists
have called this science, which is concerned with studying the
effect of different environments and upbringing conditions on
the appearance of genes and brain behavior, the name behavioral
epigenetics (Natale et al., 2022).

Scientists believe that the impact of various environmental fac-
tors on genes begins very early since the human being is a fetus in
his mother’s womb, the environment surrounding the mother, her
food habits, different lifestyles, her exposure to toxic substances,
exercise, hormones, or smoking, etc., affect this. In addition, the
fetus, its mind and its genes and their expression in the future,
and scientists and recent research in epigenetics suggest that these
genes have a significant role in many diseases, such as cancer, aut-
ism, schizophrenia, obesity, diabetes, mental retardation, some
neurological disorders, and even societal behavior, such as addic-
tion: delinquency, suicide (Natale et al. 2022).

One of themost critical traits that super-genes affect is the ability
to learn and remember, where scientists recently found a strong
relationship between changing histones, adding a methyl group to
DNA molecules, and learning and remembering. It is also believed
that there is a significant relationship between adding a methyl
group to DNA and the chances of occurrence of cancers. Also, the
behavior of the fathers and mothers has a significant impact on
the epigenetic genes of the children, and this was shown in the
experimental mice, as the young mice are affected by the mother’s
behavior and the extent of her care for the young mice. The mother
of some toxic substances,whichmayaffectDNAmethylation, affects
the epigenetics of fetuses and children. In an experiment conducted
on experimental mice, in which the male and female were exposed
to alcohol immediately before the mating process, this led to the
birth of small, weak mice with a hostile behavior greater than Mice
whose parentswere not exposed to the same conditions, imprinting
also dramatically affects the epigenetic or epigenetic inheritance,
where the characteristics of one parent prevail over the other, an
example of which is the mule (Powledge, 2011).

11. An epigenetic perspective

Epigenetics indicates to fixed changes in Gene Expr. that take
place across structure-variable chromatin without modifying the
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DNA sequence. Gene Expr. that contributes to depressive episodes
and the result of this hypothesis is that like stress-stimulated epi-
genetic modifications also happened early in life and aid to detect
persons lifelong vulnerability or resistance to subsequent stressors.
However, there are also two ways genetic techniques can impact
depression. The first includes random events during growth, and
the other relates to true genetic inheritance across many genera-
tions (Nestler et al., 2002).

Gene action can be changed by more than just alterations in the
genome sequence. Many epigenetic mechanisms, involving DNA
methylation and histone modifications, can alter genome action
under external effect, and the possible evidence provides the con-
cept that epigenetics holds great potential to advance our knowl-
edge about the molecular techniques of environmental toxins,
also to predict health-related hazards because of the environmen-
tal exposure status and allergies—the person. An increased under-
standing awareness of the mechanisms of epigenetic inheritance
can lead to layers of disease risk assessment for targeted interven-
tion and targeted therapies.

A large range of diseases, behaviors and other health indicators
already have some level of evidence linking them to epigenetic
mechanisms, involving tumors of nearly all types, cognitive dys-
function, respiratory diseases, cardiac, reproductive, autoimmune,
and neurological diseases. Known or suspected factors behind
genetic mechanisms involve several factors, as heavy metals, pes-
ticides, diesel exhaust, tobacco smoke, polycyclic aromatic hydro-
carbons, hormones, radioactivity, pathogens, stressors, emotional
trauma, viral infections such as Bornavirus, and even random pro-
cesses during Brain development. However, stress itself is not
enough to etiology depression. Most people do not become
depressed post severe stressful experiences, while many who
become depressed do so post stresses that are mild for most peo-
ple. Conversely, extreme stress experienced during combat does
not usually lead to depression. Instead, it reveals to post-
traumatic stress disorder (PTSD), which is different from depres-
sion, and this confirms that depression in most persons is because
of the interactions among genetic predisposition and some envi-
ronmental conditions (Bollati and Baccarelli, 2010).

A comprehensive survey of all available scientific databases was
conducted to identify studies related to depression and its associ-
ation with genetic, epigenetic, or environmental factors during the
years 2003–2020, as the capability to test epigenetic processes in
the encephalon became readily possible exceed the past twenty
years, which resulting in an expansion in study and interest in neu-
robiological and behavioral epigenetics. As a result, it has become
essential for everyone—especially researchers—to know that epige-
netic processes, like alterations in DNA methylation and histone
modification, constitute a biochemical report of environmental
influences and how molecular alterations in the encephalon can
regulate behavior (Isles. 2015).

Scientists attempted to explain disorders solely by genetic or
environmental factors for a long time. However, research has
increased in epigenetics, chromatin action in the brain, and behav-
ior over the past 2 decades. However, epigenetics as a biological
concept preceded the discovery of DNA in the 1950s as a funda-
mental mode of inheritance for more than a decade, particularly
in complex disorders like behavior, memory, tumors, autoimmune
diseases, addiction, also neurological and psychiatric disorders
(Moosavi and Ardekani, 2016; Isles, 2018).

The thought of epigenetics was 1st supported in the 1940s by
Conrad Waddington (1942), an embryologist interested in the
techniques of cell differentiation, who noted that since all cells
carry the same genetic information, there should be a layer level
Another piece of knowledge in addition to genetic information that
allows the whole cell to become specified and remain specified in
the later stages of development (Isles, 2018).
7

In general, epigenetics refers to the science concerned with
studying inherited changes in the phenotype that do not happen
because of the alterations in the DNA sequence. In another words,
epigenetics is the science that studies particularly external and
environmental factors that activate or inactivate the action of
genes and impact how the cell reads genes (Moore, 2015).
Saavedra et al. (2016) referred to epigenetics as changes that occur
in Gene Expr. that are not because of the differences in the DNA
sequence. These alterations can be heritable and environmentally
changeable, and epigenetics can explain various factors situations.
It is difficult to describe through traditional genetics. Epigenetic
regulation is fundamental to many cellular mechanisms, involving
Gene Expr., DNA-protein interactions, transposable element
repression, cellular differentiation, embryogenesis, X chromosome
inhibition, etc. (Soga et al., 2021).

Epigenome generally includes all epigenetic modifications like
DNA methylation and histone modifications, as well as non-
coding RNAs at any time. This trait can be helpful in complex traits
and challenging disorders like memory function, behaviors, psy-
chological injury, addiction, cancer, and other disorders that can-
not be explained solely by genetic factors or the environment. In
addition, genetic modifications can be reversible, making the gen-
ome flexible in response to environmental changes such as nutri-
tion, stress, toxicity, exercise, and medications. For example,
acetylation of histone subunits either enhances gene transcription
or represses genes (Moosavi and Ardekani, 2016).

The genome of eukaryotes is organized by wrapping DNA
around octahedrons to form the basic units of chromatin, nucleo-
somes, which are organized and compacted into higher-order
structures—genes contained in tightly packed nucleosomes
(Nestler, 2014). Depression is a complex psychiatric disorder
involving several environmental, genetic, and epigenetic factors.
About 30–40% of all types of depression are genetic (Edvardsen
et al., 2009). Until now, genetic, and non-genetic studies are still
on the way to understanding the complex mechanism of this dis-
ease, and there are still many questions that have not yet been
answered.

Genome-wide studies (GWAS) to identify factors accompanied
with depression at the genome level have contributed to answer-
ing some of the existing questions about the disease (Chang
et al., 2018). Recently, some complex disorders to epigenetics have
emerged, which are permanent alterations in Gene Expr. that are
not a result of a change in the sequences of the nucleotide arrange-
ment of the genetic material and can be passed on to future gener-
ations (Natale et al. 2022). Epigenetic mechanisms, like DNA
methylation, histone acetylation and microRNA dysregulation,
may play a role in depression (Dalton et al., 2014).

Several studies have suggested that depressive symptoms are
caused by decreased levels of the neurotransmitter’s serotonin
and dopamine (Phillips, 2017), which are under the control of
genes: SLC6A4 Serotonin transporter gene TPH2 transporter gene,
Tryptophan hydroxylase and COMT gene. Where it was observed
that most people with depression have a lower-than-average level
of these hormones, which led scientists to invent a new generation
of medicaments that raise the level of serotonin in the encephalon,
and neurons in the brain secrete the hormone dopamine within
many distinct pathways, one of which plays It plays a pivotal role
in neuromodulation, which makes changing its levels cause neuro-
logical disorders (Zahavi et al., 2016).

On the relationship of disease to both genetics and the environ-
ment, via the classic twin design, the studies discussed the action
of genetic and environmental effects in nearly all psychological
traits. In the children, surveys acquired from teachers, beside par-
ental ratings, are an essential source of knowledge on childhood
growth and psychopathology, and genetic and environmental
impacts may be age related. For example, anxiety or depression
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at age five is like that at age 10, and demonstrations of progression-
related alterations in anxiety and depression, in general, have
revealed that these disturbances are reasonably fixed during
childhood.

However, several children who primary display relatively large
levels of anxiety or depression develop normally, while some other
children, who show primary regular development, develop anxiety
or depression at a later age. The variations generally indicate an
effect of shared environment on childhood anxiety and depression
that fades as children enter their teenage years 17–21. In adult-
hood, the impact of the familiar environment disappears, and the
relative impact of genetic effects elevates. Consequently, the heri-
tability of these traits elevates with age (Franić et al., 2010).

Environmental factors such as heat and oxidative stresses
adversely affect genetic alterations in a specific genetic locus that
aid shape neuronal plasticity and action. Thus, behavior and some
of these alterations can be very fixed and persist throughout life.
All living things constantly face stressors and differences in their
environment that impact their balance. Stress reacts to these exter-
nal challenges and includes changes in the CNS and various periph-
eral systems that target to restore primary balance. These changes
impact the CNS directly. Learning, memory, vigilance, agitation,
and anxiety enhance adaptive behavioral responses to subsequent
stressors. One of the ways to ease these stressors is by adding some
natural compounds to the food of these people such as phytogenic
bioactive compounds (Abd El-Hack et al, 2021a, 2021b), prebiotics
(Yaqoob et al, 2021; Abd El-Hack et al., 2021c), probiotics
(Alagawany et al., 2021; El-Saadony et al., 2021d), and natural pig-
ments (Abdelnour et al, 2020a, 2020b).

The inability to control and end these stress responses can lead
to many forms of dysregulation, which profoundly affect neuroen-
docrine systems, involving immune, metabolic, and reproductive
responses. Stressful experiences have been shown to elevate the
incidence of many health problems, involving coronary artery dis-
ease, chronic lung infections, and some types of cancer. Stress can
negatively impact behavioral adaptations and predispose some
persons to depression or anxiety-related disorders. However, sub-
stantial interindividual variability in susceptibility to stress may be
attributed to genetic factors. Most resilient individuals could keep
regular physiological and psychological functions despite being
exposed to appalling stress (Soga et al., 2021).

Animal models of stress-related disorders help reveal specific
chromatin alterations that keep fixed patterns of Gene Expr. and
thus influence the level of neuroplasticity accompanied with these
disorders; research in mice have revealed that epigenetic factors
can affect maternal behavior and that this impact can be passed
on from one generation to the next by acting on the young brain
alone, without changing the germ cells. When the young are born,
the genes included in controlling the animals’ responses to stress
are methylated differently, enhancing sensitivity to stress
(Abdelnour et al., 2020a; Reda et al., 2021a, 2021b). As the young
ones mature, they will become more vigilant parents. Whereas if
the young are raised by a mother who shows small levels of flexi-
bility, their genes will have methylation marks. They then grow up
to be more responsive to stress and, in turn, show smaller levels of
care towards their young (Soga et al., 2021).

Concerning epigenetic factors and depressive disorders, it has
been confirmed that epigenetic genetics has an effective role in
developing different mental and psychological disorders as depres-
sion. In general, epigenetic modifications can be summarized in 3
general points: DNA methylation, histone modification, and non-
mediated regulation of RNA (ncRNA) is a crucial epigenetic regula-
tion in the pathophysiological process of depression (Vialou et al.,
2013).

According to Kuehner et al., (2019), studies of epigenetic factors
provide an entirely new dimension to treatments due to most of
8

these diseases are not monogenic, and the environment is likely
to have a critical contribution, as epigenetic genetics is severely
impacted by environmental factors like nutrition, chemical pollu-
tants, traumatic early life experiences, temperature differences
and exercise, but how they influence brain growth is not well
understood. Significantly, the influence of the environment on epi-
genetics is not limited to growth post birth but can also affected by
intrauterine growth. The stresses of early life that cause long-term
genetic alterations can be due to a congenital genetic ’predisposi-
tion’. Like the immune system, once exposed to certain environ-
mental rays and a change in genetic status, that gene is now in
an ‘‘initial response” state and will have a faster reaction if that
environmental stress is exposed again; This concept of epigenetic
memory in react to environmental stimuli could act as a means
of identifying persons who are prone to developing neuropsychi-
atric diseases (Soga et al., 2021).

Guo et al. (2014) noticed that, in addition to direct DNA modi-
fication, epigenetic control could also be performed by alterations
to the three-dimensional structure and histone proteins associated
with DNA, as the DNA within the nucleus is not stripped, as it is
wrapped around histone octaves to form nucleosomes that are
formed into ordered chromatin composition. Gradually, chromatin
states are generally classified into chromatin (open) and chromatin
(closed) and are determined by several possible modifications such
as acetylation, methylation, and phosphorylation processes (Natale
et al., 2022).

NR3C1 and depression. Increasing evidence indicates that epi-
genetic modification is critical in the biological mechanisms of
depression, and DNA methylation has been considered a potential
link among the environment and depression. In the study of Chen
et al., (2017), the relationship among DNA methylation of seven
genes: (FKBP5), (MAO-A), (OXTR), (BDNF), (5-HTR), (SLC6A4), and
(SLC6A4) was reviewed. Most of the results revealed that the
methylation levels of the genes: BDNF and NR3C1 were associated
with depression, while the association of SLC6A4 and depression
were inconsistent. The study notes that longitudinal studies in ani-
mal models and patients with depression are urgently recom-
mended to learn more about the role of DNA methylation in
depression (Soga et al., 2021).

The growth of DNA microchip technology has made it available
to perform genome-wide association studies (GWASs) to look for
factors that increase the chance of developing a depressive disor-
der. These studies did not unequivocally identify the mechanisms
of Biological Underlying Pathogenesis. Large samples, involving
thousands of cases with various forms of depression and tens of
thousands of cases in the following analysis, but those studies
unable to determine any particular locus responsible for predispo-
sition to depression.

This inability to identify genetic associations and underlying
mechanisms indicates that depression is a heterogeneous and mul-
tifactorial psychiatric disorder. Susceptibility to infection is likely
decided by the coordinated action of several genes and their inter-
action with each other and diverse environmental events. It is also
possible that each gene makes a little relation to the pathogenesis
of the illness (Soga et al., 2021).

Despite the encouraging results obtained by scientists so far,
one of the significant challenges in studying psychiatric and neuro-
logical diseases, according to Kuehner et al., (2019) is the limita-
tions of the available model systems, as models of mouse and
human encephalon after death have been highly relied upon to
support insight into. In pathology, neurological and psychiatric dis-
eases. However, both choices have restrictions. Although rat and
human brains are same at the levels of genetic, structural, and gen-
eral circuits, significant variations limit them as models for human
disease because of the complex dysfunction in behavior and
thought in rat brains. For example, human brains are more devel-
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oped because the granular prefrontal cortex contains parts of cog-
nition absent in mouse brains.

Furthermore, human brain specimens are available after death
and therefore can never summarize the genetic landscape of the
living brain. Moreover, a postmortem (PM) is only a snapshot in
the disease timeline, and this snapshot is usually biased towards
the state of death. Therefore, PM human brains unable to support
data on disorder start and progression along time (Soga et al.,
2021).
12. The control of depression

Depressive symptoms can be relieved with medication and brief
psychotherapy (cognitive-behavioral and interpersonal therapy).
Additionally, combination therapy has been linked to greater rates
of depressed symptom improvement, improved quality of life, and
better treatment adherence. CBT’s effectiveness in preventing
relapse is also supported by research (Horowitz and Taylor,
2019). Also, patients who do not respond well to drugs or are sui-
cidal may benefit from electroconvulsive therapy (Salik and
Marwaha, 2021). Standard tools for depression control are summa-
rized in Fig. 5.

12.1. Most common medicaments for the treatment of depression

Many drugs are available for the treatment of depression with
different ways of action as: Typical antidepressants, Selective sero-
tonin reuptake inactivators, serotonin/norepinephrine reuptake
inhibitors, Serotonin-Dopamine Activity Modulators, Monoamine
oxidase inhibitors, and Tricyclic antidepressants (Bennabi et al.,
2019; Gałecki et al., 2022).

12.2. Electroconvulsive therapy (ECT)

ECT is a very successful depression treatment. The onset of
action may be faster than with medications, with benefits fre-
quently visible within 7 days of starting treatment. Patients who
do not react to medication therapy, are psychotic, or are suicidal
or harmful to themselves should consider an ECT course (typically
up to 12 sessions). As a result, the following are some of the indi-
Fig. 5. Major tools for co
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cations for using ECT: a fast antidepressant reaction is required as
drug therapy has failed, patient inclination, suicide risk is pre-
dicted, ECT has a strong track record in the past, the hazard of med-
ical therapy. Although developments in brief anesthesia and
neuromuscular paralysis have progressed ECT’s safety and tolera-
bility, treatment still has several hazards, including those related
to general anesthesia, postictal disorientation, and, in rare cases,
short-term memory problems (Bennabi et al., 2019; Gałecki
et al., 2022).
12.2.1. Psychotherapy
Evidence-based psychotherapies like Cognitive Behavior Ther-

apy and Interpersonal Therapy have been demonstrated to be
potent in depression treatment (Gałecki et al., 2022).
12.2.2. Cognitive-behavioral therapy (CBT)
CBT is a systematic and didactic type of treatment that focuses

on assisting people in identifying and altering hazard thinking and
behavior styles (16–20 sessions). It is predicated on the idea that
depressed people display the ‘‘cognitive triad” of sadness, which
involves a negative perception of themselves, the world, and the
future. Patients with depression have cognitive distortions that
aid in the maintenance of their negative views. CBT for depression
usually consists of behavioral methods (such as activity schedul-
ing) and cognitive restructuring to shift automatic negative think-
ing and address maladaptive schemas (Gałecki et al., 2022).

Mindfulness-based cognitive therapy (MBCT) aims to decrease
relapse in people who have had successful treatment for recurrent
major depressive disorder. Mindfulness training is the main thera-
peutic component. The MBCT program focuses on ruminative men-
tal processes as a relapse hazard factor. MBCT appears to help
reduce the likelihood of relapse in cases with repeated depression,
particularly in those with the most severe remaining signs (Caraci
et al., 2018; Gałecki et al., 2022).

There is evidence that CBT can be used with people of various
ages. It’s especially useful for senior individuals, who are more
likely to have issues or negative effects from drugs (Zhdanava
et al., 2021; Gałecki et al., 2022). It is also thought to be effective
in the avoidance of recurrence.
ntrol of depression.
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12.2.3. Interpersonal therapy (IPT)
Interpersonal therapy (IPT) is a time-limited treatment for

major depressive illness (usually 16 sessions). IPT is based on
attachment theory and emphasizes the importance of interper-
sonal connections, concentrating on contemporary interpersonal
issues. Grief, interpersonal conflicts, role shifts, and interpersonal
deficiencies are all focus topics (Gałecki et al., 2022).

12.2.4. Differential diagnosis of the depression
Depression should be differentiated from the following condi-

tions: somatic symptom illness, anemia, schizophrenia, adjust-
ment disorders, schizoaffective disorders, dissociative disorders,
hypopituitarism, anxiety disorders, hypoglycemia, and chronic
fatigue syndrome (Zhdanava et al., 2021).

12.3. Several points were also emphasized, including

1. Exposure to environmental influences in utero or early life pro-
duces impacts that could be inherited across generations and
are associated with genetic or epigenetic changes.

2. Major diseases with late phenotypes include genome-
environment interactions. Increasing understanding of epige-
netic disease pathogenesis can lead to disease risk assessment
for targeted intervention and targeted therapies.

3. Depression is a polygenic disease, so genetic contributions are
due to different genes, each with relatively little impact.

4. New imaging and treatment technologies are constantly being
developed, and new treatments for acute episodes of major
depression or prevention of recurrent episodes hold great pro-
mise. There are also many other molecularly targeted agents
currently under investigation.

5. The growing knowledge about the mechanism of depression
provides for the existence of drugs to target the disorder more
effectively: Antidepressant drugs improve serotonin and nore-
pinephrine levels, restore neuronal growth and activation, after
identifying and identifying the epigenetic change, and identify-
ing the methodology and mechanisms of epigenetic changes,
which cause some Diseases of stress, anxiety and depression,
and this has become a promising way to make medicines
through which these biochemical reactions are controlled.

6. It was emphasized that the difference in Gene Expr. plays a
dominant role in individual differences: Studies and statistics
have proven that exposure to continuous psychological stress,
harsh environmental conditions, or psychological trauma leads
to many changes at the epigenetic level, which leads to an
increase or Decreased rates of addition of methyl molecule to
DNA.

13. Conclusion

Through the previous review, we conclude that the genes that
are related to depression are divided into Genes directly affect
the neurotransmitters of hormones related to depression, for
example, the SLC6A4 Serotonin transporter gene on chromosome
17 and the TPH2 transporter gene Tryptophan Hydroxylase on
chromosome 12, as well as the COMT gene on chromosome 22.
(The description of all genes is explained in the next point from
RESULTS: Results of genetic characterization of genes associated
with depressive disorders). Genes that have an indirect effect on
the occurrence of depression, which are more than 100 different
genetic loci that have been identified through whole-genome asso-
ciation studies (GWAS), where this type of study examines the
entire genome, rather than identifying and studying specific genes
or genetic regions, which help identify variables associated with a
disease or identifying genetic factors affecting a trait. Epigenetic
10
factors studies have shown their close relationship to the occur-
rence of depression.

14. Recommendations

1. Spreading awareness about the causes of depression in various
media outlets and holding forums and symposiums about them
to give the subject its right to media and educate the commu-
nity about the importance of epigenetic factors and their impact
on the occurrence of mental illness disorders.

2. Establish psychological support centers within the primary
health and family medicine centers in Saudi Arabia.

3. Providing the units and capabilities of teachers and sufficient
human cadres specialized in epigenetics in research centers
around the Kingdom.

4. Care to conduct more studies and research on the lifestyle of
individuals and its role in increasing the risk of diseases with
an everyday genetic and environmental basis.
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