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Abstract
Depression is a multifactorial disease with unknown etiology affecting globally. It’s the second most significant reason
for infirmity in 2020, affecting about 50 million people worldwide, with 80% living in developing nations. Recently, a
surge in depression research has been witnessed, resulting in a multitude of emerging techniques developed for prediction,
evaluation, detection, classification, localization, and treatment. The main purpose of this study is to determine the volume
of depression research conducted on different aspects such as genetics, proteins, hormones, oxidative stress, inflammation,
mitochondrial dysfunction, and associations with other mental disorders like anxiety and stress using traditional and medical
intelligence (medical with AI). In addition, it also designs a comprehensive survey on detection, treatment planning, and
genetic predisposition, along with future recommendations. This work is designed through different methods, including a
systematic mapping process, literature review, and network visualization. In addition, we also used VOSviewer software
and some authentic databases such as Google Scholar, Scopus, PubMed, and Web of Science for data collection, analysis,
and designing comprehensive picture of the study. We analyzed 60 articles related to medical intelligence, including 47
from machine learning with 513,767 subjects (mean ± SD = 10,931.212 ± 35,624.372) and 13 from deep learning with
37,917 subjects (mean ± SD = 3159.75 ± 6285.57). Additionally, we also found that stressors impact the brain’s cognitive
and autonomic functioning, resulting in increased production of catecholamine, decreased cholinergic and glucocorticoid
activity, with increased cortisol. These factors lead to chronic inflammation and hinder the brain’s normal functioning,
leading to depression, anxiety, and cardiovascular disorders. In the brain, reactive oxygen species (ROS) production is
increased by IL-6 stimulation and mitochondrial cytochrome c oxidase is inhibited by nitric oxide, a potent inhibitor. Proteins,
lipids, oxidative phosphorylation enzymes, and mtDNA are further disposed to oxidative impairment in the mitochondria.
Consequently, mitochondrial dysfunction exacerbates oxidative stress, impairs mitochondrial DNA (mtDNA) or deletions
of mtDNA, increases intracellular Ca2+ levels, changes in fission/fusion and mitochondrial morphology, and lastly leads to
neuronal death. This study highlights the multidisciplinary approaches to depression with different aspects using traditional
and medical intelligence. It will open a new way for depression research through new emerging technologies.

Keywords Brain · Cardiac · Molecule · Detection · Inflammation · Mitochondrial dysfunction · Artificial intelligence ·
Therapy · Prediction · Oxidative stress · Medicine · Unani medicine · Herbal medicine

Introduction

In recent days, human lifestyle has changed due to pandemic
scenarios affected by psychological and neurological behav-
ioral changes that has led to depression and anxiety [1, 2].
As per WHO, depression is anticipated to be the second
most significant reason for infirmity in 2020 affecting about

Extended author information available on the last page of the article

50 million people worldwide, with 80% living in develop-
ing nations [3]. Human psychological disorders like anxiety
disorder, mood disorder, and depression are associated with
human behavior and are also connected with eating disor-
ders [4]. The negative effects of depression on the human
brain have been linked to the increased neuro-pathologies
caused by prevalent neurodegenerative illnesses including
Alzheimer’s, Parkinson’s, and Huntington’s [5, 6]. Neuro-
logical disorders like epilepsy, migraine, stroke and multiple
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sclerosis decrease the quality of health. Also, it has been seen
that anxiety and depression impact low health and quality of
life [7]. Stress leads to depression and tension, affecting the
physiology of neuro-immune consequences, and it has been
observed that focus is more effective in women than men [8].

Mental health has a very essential role in personal well-
being and public health. According to WHO, mental health
illness is categorized as a global public health problem [9,
10]. Depression is categorized as a severe medical illness for
personal and general mental health, and depression can be
seen regardless of age, gender, and financial status [11–13].
Depression could be a factor affecting negative impact on
the lifestyle of an individual leading to social life disrup-
tions [14]. In addition, clinical depression can be addressed
by symptoms like feelings of sadness, loss of appetite,
sleep cycle disturbances, guilt, incapable of decision mak-
ing, which could result in self-harm attempts [15]. There are
three categories of depression stages. Depression among var-
ious populations is associated with physical illness, severe
neuropsychological impairment, and low clinical outcomes
[14]. Depression is considered a neurological disorder that
affects worldwide 3 million people yearly [11].

While significant effort has been made to investigate the
pathophysiology and molecular causes of the disease using
a variety of methods, the exact cause of Depression is still
unknown. From a physiological perspective, Depression is
characterized by symptom heterogeneity and alterations in
numerous bodily systems. In general, a number of factors,
including genetic, environmental, and psychological ones,
work together to cause Depression. Depression is a com-
plex health problem, it cannot be tailored by focusing only
on one aspect [16]. There exist various diagnostic methods
for depression, and they are time-consuming. Also, most
of them followed self-reporting or self-diagnosis of patients
[12], and are well known to be consulting a psychiatrist or
psychologist [11, 13]. In other words, there have been sev-
eral well-established techniques available for diagnosis, and
require experienced health professionals. There is a possi-
bility of misdiagnosis due to overlapping symptoms of the
different disorders. Hence, this situation could lead to an
increased risk of prolonged major depression. Diagnosis is
an essential aspect of depressive disorder treatment in time
and is responsible for recovery.

Previous research has mostly looked into particular med-
ical diseases linked to depression because of the complexity
and variability of medical data. It has been proved that
the use of "big data" and machine-learning techniques and
algorithms can uncover important patterns and connections
in health data while handling heterogeneous data without
rigid limits [17]. In the diagnosis of the associated fac-
tors of depression, artificial intelligence (AI) can help at
greater extent. New techniques of machine learning and deep
learning have made diagnosis and treatment better [18, 19].

Recent research on reaction–diffusion terms in genetic regu-
latory networks has produced numerous impressive findings,
including stability, state estimation, and sampled-data state
estimation. One of the most popular topics and ones with
promising outcomes is the study of reaction–diffusion neu-
ral networks (RDNNs), such as the dynamical analysis of
impulsive RDNNs (IRDNNs). The stability is hardly ever
obtained when the neural networks are impacted by external
input. Therefore, the Sontag-originally conceived input-to-
state stability (ISS) is used to assess howexternal input affects
the stability of neural networks [20]. Based on these newly
emerging techniques it can be assumed that such techniques
can help in diagnosing the underlying issue of depression too.
A person’s brain structure may change as a result of depres-
sion, which can also have psychological effects. Repeated
stressful events can eventually harm the human brain in long-
term depression. Human brain structural changes can include
cortical atrophy, oxygen deprivation, and inflammation. So
these complex changes in the near future can be diagnosed
and treated by RDNNS, ISS and non- linear dynamics [21].

We have accumulated recent research to address depres-
sion and its associates. We have conducted this review
to handle important information related to depression-like
effects, detection, treatment, and psycho-neurological human
behaviors such as stress and anxiety. Previously, there is not
a reliable review or meta-analysis available as comprehen-
sive as this one, to the best of our knowledge. This review
aims to outline and analyze numerous issues associated with
depression among humans and deliver an explanation to the
following research questions (RQs):

RQ1:What is the relationship between depression, stress,
and anxiety?

RQ2: What are the effects of depression on the human
brain and cardiac systems in relation to oxidative stress,
inflammation, and mitochondrial dysfunction in depression?

RQ3: What are the effects of depression on genes, pro-
teins, and hormones in the human body?

RQ4: What is the major role of medical intelligence in
depression?

RQ5: What is the concept for treating and diagnosing
depression patients?

Additionally, the main contribution of this survey is given
below:

• To find out the association of psycho-neurological human
behavior such as stress and anxiety with depression.

• To find out the changes in genes, proteins, hormones,
oxidative stress, inflammation,mitochondrial dysfunction,
brain, and cardiac during depression.

• To find the major role of medical intelligence (medical +
artificial intelligence) in the detection, prediction, classifi-
cation, recommendation, and treatment of depression.
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Table 1 Criteria of this study

Criteria Inclusion Exclusion Justification

Subject Studies that emphasize only
depression with the brain, cardiac,
gene, protein, hormone, machine
learning, deep learning, detection,
treatment, stress, and anxiety

Studies that dealt with depression with
other diseases except for stress and
anxiety

Studies that involved other diseases
would not answer our research
questions

Language English Other languages like Chinese, Spanish,
Japanese, and Koreans

Chances of misinterpretation as the
data in other languages may thus
affect the accurateness

Access Full text Nonavailability of full-text To ensure the interpretation is more
accurate

Method All No exclusions For a complete view

Type of
article

Research, review articles, conference
proceeding

Book, chapter, news, editorial, and
encyclopedia

Excluded articles containing broad
widespread discussion over a theme
may not adequately response our
specific research questions

Table 2 Search strategies of this
study are based on RQs RQ no Keywords

1 Depression, stress, anxiety

2 Depression, brain, heart, oxidative stress, mitochondria, inflammation, dysfunction

3 Depression, gene, protein, hormone

4 Depression, machine learning, deep learning, artificial intelligence

5 Depression, treatment, diagnosis, unani medicine, allopathic, modern medicine

• To find the treatment and diagnosis based on the present
scenario with research gap and future recommendations
for upcoming researchers, doctors, scientists, and scholars.

• To design and suggest the closest terms based on previous
and current studies using VOSviewer and word clouds to
help readers, students, researchers, doctors, scientists, and
academicians.

The rest of this survey discusses the methodology of the
review, followed by answering the research questions (rela-
tionship, effect, role, detection, and treatment), alongwith the
discussion (importance of the present study, network visual-
ization, world cloud, and comparisons), research gaps of the
previous studies, and future directions or ideas about work on
depression in different aspects like medically, biologically,
psychologically, and engineering.

Methods

The following steps were performed in the methods: (a)
planning as per PRISMAchecklist for publication (b) accom-
plished a comprehensive literature exploration for informa-
tion (c) data extraction (d) data analyses (e) analysis of
subgroups or subsets, and (f) reporting results [22, 23].

Eligibility criteria

The article selection procedure was divided into two stages.
The initial step included one of the authors to assess pub-
lications based on the title and abstract. Four scholars
independently analyzed publications that were screened.
After carefully reviewing the data, the four authors extracted
the data independently to prevent bias, and the results were
structured in a table. Table 1 listed numerous factors consid-
ered while determining exclusion and inclusion criteria.

Information source and search strategies

We compiled relevant literature linked to depression avail-
able onGoogleScholar, Scopus, PubMedandWebofScience
databases using an automated search. These databases are
most popular in the modern and traditional research in the
world. We widened our search terms and categories to gather
enough research relating to our topics. Table 2 lists the key-
words utilized in the literature search based on RQs.

Data selection and collections

We looked at papers’ titles, keywords, and abstracts to define
their aptness and relevance for inclusion in this review. Data
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Fig. 1 Application of AI in the
depression

from primary studies was effectively extracted, and the qual-
ity of the datawas independently reviewed. Thefinal decision
on inclusion were made, and articles were selected from
1996 to 2023. Four researchers independently analyzed and
extracted the data. For any disagreement, the data for the
confirmation was reviewed by three other researchers. The
PRISMA checklist was referred for the assessment [24].
This paper include detailed records regarding the major role
of medical intelligence in depression details of previously
published work using machine learning and deep learning
in depression were evaluated through objective, the num-
ber of subjects, dataset, domains, classifier, and performance
measures were documented. Any disagreements among the
writers were settled by consensus. In addition, the relation
between depression, stress, and anxiety, the effects and rela-
tion of depression on brain and cardiac systems with the
relation between oxidative stress, inflammation, and mito-
chondrial dysfunction in depression, the effect of depression
on gene, protein, and hormone, and treatment and diagno-
sis of depression patients with evidence-based studies with
the mechanism of action of natural bioactive molecules in
medicinal plants for depression.

Synthesis of the result

Statistical methods were performed for the strategy of
data synthesis. The major role of medical intelligence in
the depression details of previously published work using
machine learning and deep learning in depression were eval-
uated through objectives, the number of subjects, dataset,
domains, classifier, and performance measures. We also

retrieved related to depression with machine learning and
deep learning such as per (a) publication under open access
and subscription, (b) year-wise publications, and (c) country-
wise share, in theWeb of Science database. Additionally, we
designed a Network visualization based on a previously pub-
lished article related to this study.

Medical intelligence in the depression

Medical Intelligence terms are made up of medical and artifi-
cial intelligence (AI). The applicationof artificial intelligence
is summarized in Fig. 1. Machine learning is growing as
a dynamic research area in many fields of science includ-
ing computer vision, natural language processing, speech
recognition, genes expression, image recognition, and signal
processing, [25–27].Whereas deep learning is a subset of the
machine learning that learns the learning process. Deep neu-
ral network is a branch of deep learning and can be employed
in extracting information from signals.

Filho et al. [28] assessed the effectiveness of machine
learning algorithms in identifying patients with depression
by analyzing clinical, laboratory, and sociodemographic data
collected from the Brazilian National Network for Research
on Cardiovascular Diseases between June 2016 and July
2018. Zhang et al. [29] developed a machine-learning frame-
work to predict the risk of postpartum depression (PPD)
using data extracted from electronic health records (EHRs).
Poletti et al. [30] emphasized the importance of innovative
tools for early diagnosis of bipolar disorder (BD), the inte-
gration of biomarker research into clinical practice, and the
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development of novel therapeutic strategies for depressive
disorders. Pearson et al. [31] found that multiple variables
can predict symptom improvement following an Internet
intervention, although each variable contributes only mod-
estly. Hochman et al. [32] created and validated a machine
learning-based model for predicting PPD using electronic
health record (EHR) data, and discovered new predictors
for PPD. Liu et al. [33] aimed to enhance the response to
reward-related stimuli in major depressive disorder (MDD)
by targeting dopaminergic signaling in the entire brain.
Kambeltz et al. [34] developed an algorithm that utilizes clin-
ical patterns and machine learning to predict the response
of transcranial direct current stimulation (tDCS) and esc-
italopram in individuals with major depression. Na et al.
[35] focused on constructing a predictive model based on
machine learning to anticipate the future onset of depres-
sion. Helbich et al. [36] studied 1190 people aged 60 and
up in a cross-sectional study. The abbreviated Geriatric
Depression Scale assessed depressive symptoms (GDS-15).
A fully convolutional neural network extracted streetscape
green and blue spaces from Tencent Street View data. On
a neighborhood level, indicators produced from street view
photos were compared to those derived from satellite-based
normalized difference water index (NDWI), normalized dif-
ference vegetation index (NDVI), and GlobeLand30 land
cover data. Multilevel regressions with neighborhood-level
random effects were used to determine the relationships
between neighborhood-levels green and blue regions. They
concluded that green and blue areas in the street view are
protective against depression in the elderly in China, but
longitudinal confirmation is needed to infer causality. Dif-
ferent characteristics of natural habitats are represented by
the street view and satellite-derived green and blue space
metrics. Street view data and deep learning are useful tools
for automated environmental exposure assessments. Oh et al.
[37] reported that a deep-learning approach had got AUC of
0.91 and 0.89 for predicting depression in NHANES and
K-NHANES, respectively. With an AUC of 0.92, a deep-
learning algorithm trained on serial datasets predicted the
prevalence of depression in the next two years of data.
NHANES with machine learning classifiers could help pre-
dict depression in K-NHANES. The maximum performance
(AUC: 0.77)was achieved using logistic regression, followed
by the deep learningmethod (AUC: 0.74). Mumtaz et al. [38]
could change clinical applications for EEG-based depression
detection. Based on the findings, it is possible to conclude
that the deep learning framework might be used to diagnose
depression automatically. Gui et al. [39] have used a convo-
lutional neural network (CNN) with local residual response
to represent four different types of functional magnetic res-
onance imaging (fMRI) data obtained by depressed patients
and healthy persons while listening to happy and negative

emotions music. To match the features and obtain the cor-
relation matrix, they utilized a large convolution kernel of
the same size as the correlation matrix. At the beginning
four-dimensional fMRI data was utilized to create a two-
dimensional correlation matrix of one person’s brain based
on ROIs, which was then processed using a threshold value
chosen based on complex network and small-world net-
work properties. In this article, the deep learning model is
compared for classification with other algorithms. Finally,
researchers compute matching ROIs from the intermediate
outputs of their deep learningmodel, which can aid in further
research in related disciplines. Furthermore, in [40], mainly
focused on visual and auditory markers of patients function-
ing for clinical diagnosis, therapy selection, and prognosis,
detection method. Identifying these signals helped improve
clinical assessment consistency, sensitivity, and scalability.
They wanted to see if clinical features from free speech
responses to a brief interview, one month after trauma, could
be captured using machine learning-based semantic, com-
puter vision, and acoustic analysis to classify MDD and
PTSD. Concluding, audio visualmarkers can be helpful tools
to measure post trauma status of patients with MDD and
PTSD. In another study by Little et al. [14] twenty-nine
patientswith Late-life depression (LLD) and 29 age-matched
controls wore a wrist-worn device that captured their acous-
tic surroundings for seven days. Deep learning models were
constructed and verified on an independent speech dataset
to automatically interpret acoustic input. While respecting
participants’ privacy, total speech activity and the proportion
of speech produced by the device wearer were recognized.
A neuropsychological test battery, as well as clinical and
self-report scales along with general and social function-
ing were used to assess the degree of depression. Using
graph theory, Li et al. [13] investigated aberrant structure in
the functional connectivity network of moderate depression
in [7]. Second, they suggested a new categorization model
for mild depression recognition. Third, they used CNN to
process two-dimensional reparatory from the 2D data form
the functional connectivity matrices using EEG. Inspired by
recent breakthroughs in the ability of deep recurrent CNNs,
to classify mental load. The classification model correctly
identified mild depression with an accuracy of 80.74% [11].
According to the findings, combining a CNN with a func-
tional connectivity matrix could give a potential objective
method for detectingmoderate depression.Numerous studies
basedonmachine learning anddeep learning employing elec-
troencephalogram (EEG) have been undertaken [11]. The
asymmetry matrix picture achieved 98.85% accuracy in the
alpha band, outperforming most of the methods given in
earlier studies [11]. To detect depression, Knag et al. [11]
developed a deep model based on CNN and long short-
term memory (LSTM). The local features and EEG signal
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sequence are learned using CNN and LSTM. To build fea-
ture maps in the deep learning model, filters convolve with
the input signal in the convolution layer. All the collected
characteristics are fed into the LSTM, which learns various
patterns in the signal before doing classification using fully
connected layers. The memory cells in the LSTM allow it to
recall important features for a long time. It also includes sev-
eral functions for updating the weights during workouts. The
model was tested using a random splitting technique, which
yielded an accuracy of 99.07% and 98.84% for the right and
left hemisphere EEG signals, respectively. Zhang et al. [41]
concluded a clinical trial on the handling of epileptic patients
with anxiety and sadness using electronic nerve stimulation
from the Internet of things. They start their paper by employ-
ing literary technique to investigate the origins of epilepsy
and previous treatment methods. Finally, the assessment of
epileptic symptoms, sadness, and anxiety before and after
therapy between the observation and the control groups were
examined. They discovered that, of the 50 cases in the trial,
the observation group that employed electrical nerve stimu-
lation therapy had five people who stopped having seizures
following treatment, accounting for 10%, whereas the con-
trol group using traditional medicine had none. Furthermore,
the observation group’s SAS and SDS ratings were minor
than those of the control group. As a result, using electrical
nerve stimulation, to treat epilepsy with anxiety and depres-
sion, has improved presentation and can assist patients in
speedy recovery. In addition, the most common performance
measures of the machine learning model are used in the
depression are mentioned in Eqs. (1)-(4) [42–50] below:

Accuracy = True postive+ True negative

False postive+ False negative+ True negative+ True positive
(1)

Specificity = True negative

True negative + False positive
(2)

Sensitivity = True Positive

True positive+ False negative
(3)

Precision = True positive

True positive+ False positive
(4)

We have designed the database related to the role of the
machine and deep learning in depression based on previ-
ous studies, mentioned in Fig. 2. It is evaluated based on
open access (59%) and subscription (41%) publications,
year-wise and country-wise. In the country-wise publica-
tions, the United States of America (USA) has the highest
(16%), China (14%), and India (12%) is in second and third
numbers, respectively. We found that related to machine and
deep learning in depression 59% papers are published as
open access and 41% of papers published as subscription
or close access. In year-wise publication highest rate is in

2019 and 2021 (31%) and the lowest rate is in 2018 and 2022
(3%).While, in country wise publication, USA (16%), China
(14%), and India (12%) is in Top 3 and in lowest Argentina
(2%), Australia (2%), Canada (2%), Germany (2%), Norway
(2%), Spain (2%), Thailand (2%), Turkey (2%), Italy (2%),
Japan (2%), Malaysia (2%), and New Zealand (2%). These
detailswould be helpful for researchers, doctors, and scholars
to work in this area. In addition, we have also evaluated the
previously published research article related to depression
with machine learning and deep learning shown in Tables 3
and 4.

Association between depression, stress,
and anxiety

Three important terms define psychological distress: stress,
anxiety, and depression. Stress is a mental or physical sign
such as irritability or digestive trouble whereas anxiety is
defined as transient fear and uncertainty about the future. Its
severity depends on the intensity and frequency of experienc-
ing anxiety [93]. Stress is caused by several foreign stimuli,
such as the daily stressful events, school grades of adoles-
cents, and financial problems of adults, which can result in
irritability. Prolonged irritability and helplessness to solve
problems cause chronic stress, leading to depressive disor-
ders [94]. Anxiety disorders include general and perinatal
anxiety, phobia, panic syndromes, social anxiety syndrome,
obsessive–compulsive disorder (OCD), post-traumatic stress
disorder, and body dysmorphic syndrome [95]. Chronic
stress and anxiety can result in depression [96]. There is
evidence for the accumulating effect of daily stressors on
cardiac health, such as unhealthy eating practices and a
sedentary lifestyle [97]. Daily stressors impact human health
which leads to worry, and these prolonged everlasting wor-
ries lead to a depressive state. Major depressive disorder
affects the quality of life (QoL). Numerous studies have
established and explored the relation between depression
and QoL [98]. Psychological stress is a significant factor
in major depressive disorders in animal and human models.
Chronic psychological stress activates inflammatory path-
ways resulting in inflammation [99]. Resultant inflammation
leads to Cardiac heart diseases (CHD) and neurological
deformities. Stressors impact the brain’s cognitive and auto-
nomic functioning, resulting in the increased production of
catecholamine, decreased cholinergic activity, decreased glu-
cocorticoid activity, and increased cortisol. These factors lead
to chronic inflammation and hinder brain’s normal working,
leading to depression, anxiety, and cardiovascular disorders
[100]. In major depressive disorders, neurotransmitters such
as catecholamine, norepinephrine, and/or dopamine have
important roles [101].However, the role of the catecholamine
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Fig. 2 Details for the previously published articles related to depression with machine learning and deep learning such as a publication under open
access and subscription, b year-wise publications, and c country-wise share, in the Web of Science database

actions in the pathophysiology of major depression is under-
stood partially. Norepinephrine binds toα1- and β-adrenergic
receptors and results in a stimulatory influence on cell
signaling; specifically, increases intracellular phospholipase
C and cAMP. However, stimulation of the α2-adrenergic
receptor subdues intracellular cAMP and inhibits signaling
[102]. In melancholic depression, norepinephrine stimulates
anxiety and hyperarousal, promotes corticotropin-releasing
hormone-mediated hypercortisolism, promotes insulin resis-
tance, and causes bone loss [103]. In an experimental
investigation, the urinary catecholamine was measured in
depressed and everyday individuals. Catecholamine levels
were found to be significantly increased in depressed indi-
viduals [104]. Terms such as stress, anxiety and depression
are frequently used where the stress is a basic short-term

issue which if left untreated can lead to anxiety. Anxiety is a
chronic issue that can become the cause of major depressive
disorder. In this vicious cycle sometimes depression results
in anxiety too. The relation between stress, depression and
anxiety is illustrated in Fig. 3.

Depression and anxiety increase plasma catecholamine
that results in the reactive oxygen species (ROS) formation.
ROS formed in a depressed state can further affect the cod-
ing and non-coding regions. ROS causes transient dynamics
of si-IncRNA in the nucleus. It accumulates in polysome,
replacing mRNA and causing transcriptional stress [105].
The impact of stress on the molecular level can be differ-
ent in both genders. An experimental study concluded that
the Dusp6 gene is downregulated in stress affecting the tran-
scriptional pathway in female mice, whereas ERK signaling

123



5890 Complex & Intelligent Systems (2024) 10:5883–5915

Ta
bl
e
3
Pr
ev
io
us
ly

pu
bl
is
he
d
w
or
k
us
in
g
m
ac
hi
ne

le
ar
ni
ng

in
de
pr
es
si
on

ev
al
ua
te
d
th
ro
ug

h
ob

je
ct
iv
e,
th
e
nu

m
be
r
of

su
bj
ec
ts
,d
at
as
et
,d
om

ai
ns
,c
la
ss
ifi
er
,a
nd

pe
rf
or
m
an
ce

m
ea
su
re
s

R
ef
er
en
ce

O
bj
ec
tiv

e
Su

bj
D
at
as
et

D
om

ai
n

C
la
ss
ifi
er

Pe
rf
or
m
an
ce

m
ea
su
re
s

[3
0]

D
is
cr
im

in
at
io
n

24
0

M
D
D
,B

D
,H

C
M
oo
d
di
so
rd
er

B
oo
ts
tr
ap

A
cc
ur
ac
y:

97
.0
0%

[2
9]

Pr
ed
ic
tio

n
69
,1
69

H
E
R
,W

C
M
,C

D
R
N

Pr
eg
na
nt

w
om

en
R
F,
D
T,

X
G
B
,L

R
,M

L
P

A
U
C
:0

.9
37

(9
5%

C
I

0.
91
2–
0.
96
2)

an
d
0.
88
6

(9
5%

C
I
0.
87
9–
0.
89
3)

[2
8]

E
va
lu
at
io
n

97
1

B
ra
zi
lia

n
N
at
io
na
lN

et
w
or
k
fo
r

R
es
ea
rc
h
on

C
ar
di
ov
as
cu
la
r

D
is
ea
se
s

–
L
R
,K

N
N
,C

A
R
T,

A
B
,G

B
,

X
G
B
,R

F,
SV

M
ac
cu
ra
cy
:8

9.
00

%
,s
en
si
tiv

ity
:

90
.0
0%

,A
U
C
:0

.8
7

[3
2]

D
ev
el
op
m
en
ta
nd

va
lid

at
io
n

21
4,
35
9

C
H
S-
E
H
R

PP
D

D
T

A
U
C
:0

.7
12

(9
5%

C
I

0.
69
0–
0.
73
3)
,s
en
si
tiv

ity
:

34
.9
0%

,s
pe
ci
fic
ity

:9
0.
50
%

[5
1]

Pr
ed
ic
tio

n
16
7

C
H
R
sy
nd
ro
m
es

an
d
R
O
D

Ps
yc
ho
si
s

–
A
cc
ur
ac
y:

85
.5
0%

,s
en
si
tiv

ity
:

84
.6
%
;s
pe
ci
fic
ity

:6
6.
8%

;P
<
0.
00
1

[5
2]

D
ev
el
op
m
en
t

33
5

60
ye
ar
s
or

ol
de
r
w
ith

Pa
rk
in
so
n’
s
di
se
as
e

–
SV

M
ac
cu
ra
cy
:9

5.
00
%

[5
3]

D
if
fe
re
nt
ia
tio

n
12

6
H
eb
re
w
sp
ea
ke
rs
w
ith

no
rm

al
or

co
rr
ec
te
d-
to
-n
or
m
al

ey
es
ig
ht

–
B
ag
ge
d
D
T

A
cc
ur
ac
y:

74
.1
8%

[5
4]

C
ro
ss
-t
ri
al

pr
ed
ic
tio

n
35
1

ST
E
Pd

Ps
yc
ho
th
er
ap
y

–
–

[5
5]

Pr
ed
ic
tio

n
28
,7
55

Pr
eg
na
nc
y
R
is
k
A
ss
es
sm

en
t

M
on
ito

ri
ng

Sy
st
em

20
12

to
20
13

PP
D

R
F

A
cc
ur
ac
y:

79
.1
0%

[5
6]

C
la
ss
ifi
ca
tio

n
79

88
9

E
ng

lis
h-
sp
ea
ki
ng

he
al
th
fo
ru
m
s

–
N
L
P

–

[5
7]

C
la
ss
ifi
ca
tio

n
an
d

pr
ed
ic
tio

n
15
0

M
oh
am

m
ed

V
I
U
ni
ve
rs
ity

H
os
pi
ta
lC

en
te
r
of

M
ar
ra
ke
ch

–
R
F

A
cc
ur
ac
y:

99
.0
0%

[5
8]

A
na
ly
si
s

16
8

M
D
D
ca
se
–c
on
tr
ol

B
lo
od

m
ic
ro
R
N
A

G
B
M

A
U
C
:0

.9
7

[5
9]

D
et
ec
tio

n
–

Tw
itt
er

SV
M
,N

B
,D

T

[6
0]

Pr
ed
ic
tio

n
22
1

12
w
ee
ks

pr
ob
le
m
-s
ol
vi
ng

or
su
pp
or
tiv

e
th
er
ap
y

Ps
yc
ho

th
er
ap
ie
s
fo
r
la
te
-l
if
e

de
pr
es
si
on

R
F

A
cc
ur
ac
y:

80
.0
0%

[6
1]

Pr
ed
ic
tio

n
–

IM
ID

–
L
R
,N

N
,R

F
A
U
C
:0

.9
1

[6
2]

Pr
ed
ic
tio

n
51
8

iS
PO

T-
D

A
nt
id
ep
re
ss
an
tt
re
at
m
en
t

G
B
T

[6
3]

Id
en
tifi

ca
tio

n
36
5

R
ed
di
tp

os
ts
fr
om

fa
th
er
s,

st
ra
dd
lin

g
si
x
m
on
th
s
du
ri
ng

th
e
bi
rt
h
of

th
e
ki
d

Fa
th
er
s
at
ri
sk

of
PP

D
SV

M
Se
ns
iti
vi
ty
:8

2.
00
%

123



Complex & Intelligent Systems (2024) 10:5883–5915 5891

Ta
bl
e
3
(c
on
tin

ue
d)

R
ef
er
en
ce

O
bj
ec
tiv

e
Su

bj
D
at
as
et

D
om

ai
n

C
la
ss
ifi
er

Pe
rf
or
m
an
ce

m
ea
su
re
s

[6
4]

R
ec
og
ni
tio

n
94
35

Po
pu
la
tio

n-
re
pr
es
en
ta
tiv

e
sa
m
pl
e

Ph
ys
ic
al
an
d
so
ci
al

ne
ig
hb
or
ho
od

ch
ar
ac
te
ri
st
ic
s

G
L
M
,G

B
M

SD
:4

.9
13

[6
5]

D
ia
gn
os
is

41
2

A
m
az
on

M
ec
ha
ni
ca
lT

ur
k

M
ob
ile

us
ag
e
at
tr
ib
ut
es

R
F

A
cc
ur
ac
y:

76
.8
0%

[6
6]

Pr
ed
ic
tio

n
50
8

W
om

en
’s
pr
eg
na
nc
y
pe
ri
od

fr
om

a
co
ho
rt

PP
D

FF
S-
R
F,
SV

M
Se
ns
iti
vi
ty
:6

9%
,A

U
C
:0

.7
8

[3
5]

Pr
ed
ic
tio

n
65
58

A
na
tio

nw
id
e
su
rv
ey

fr
om

th
e

K
oW

eP
S

O
ns
et
de
pr
es
si
on

in
co
m
m
un

ity
-d
w
el
lin

g
ad
ul
ts

–
A
cc
ur
ac
y:

86
.6
0%

,s
en
si
tiv

ity
:

73
.0
0%

,s
pe
ci
fic
ity

:8
6.
60
%

[3
4]

T
re
at
m
en
t

–
E
sc
ita

lo
pr
am

ve
rs
us

E
le
ct
ri
ca
l

C
ur
re
nt

T
he
ra
py

tD
C
S
an
d
es
ci
ta
lo
pr
am

X
G
B

[6
7]

C
la
ss
ifi
ca
tio

n
80
63

C
hi
ne
se

m
id
dl
e
an
d
hi
gh

sc
ho
ol

st
ud
en
ts

–
L
D
A

A
cc
ur
ac
y:

91
.0
0%

[3
3]

Id
en
tifi

ca
tio

n
31

fM
R
I

D
op

am
in
er
gi
c
en
ha
nc
em

en
t

L
R

[6
8]

Pr
ed
ic
tio

n
12
2

E
E
G

A
du
lt
Pa
tie
nt
s

SV
M

A
cc
ur
ac
y:

82
.4
0%

,s
en
si
tiv

ity
:

79
.2
0%

,s
pe
ci
fic
ity

:8
5.
50
%

[6
9]

E
va
lu
at
io
n

10
00

B
D
I-
II
,C

hi
na

St
at
us

of
C
hi
ne
se

R
ec
ru
its

D
T

A
U
C
:0

.7
34
,s
en
si
tiv

ity
:

94
.1
0%

,s
pe
ci
fic
ity

:4
3.
30
%

[7
0]

E
xa
m
in
e

27
6

–
D
ia
be
te
s

R
ei
nf
or
ce
m
en
tl
ea
rn
in
g

[7
1]

Id
en
tifi

ca
tio

n
14

35
C
B
T,

C
ID

C
B
T
vs

PC
C

E
la
st
ic
N
et

R
C
SI
:6

2.
50

%

[7
2]

Id
en
tifi

ca
tio

n
15

00
N
SS

D
M
D
D
in

di
ff
er
en
tm

en
ta
lh

ea
lth

se
rv
ic
es

R
F

ac
cu
ra
cy
:7

3.
40
%

[7
3]

D
if
fe
re
nt
ia
tio

n
16
2

PR
O
TA

H
B
I,
PR

O
T
H
U
M

U
ni
po
la
r
an
d
bi
po
la
r
de
pr
es
si
on

SV
M
-K

er
ne
l

A
U
C
:0

.6
9,

se
ns
iti
vi
ty
:

62
.0
0%

,s
pe
ci
fic
ity

:6
6%

[7
4]

Id
en
tifi

ca
tio

n
–

T
SS

T-
C

Sp
ee
ch

de
te
ct
s
an
xi
et
y

L
R
,S

V
M
-K

er
ne
l,
R
F

A
cc
ur
ac
y:

80
.0
0%

,s
en
si
tiv

ity
:

54
.0
0%

,s
pe
ci
fic
ity

:9
3.
00
%

[7
5]

Pr
ed
ic
tio

n
47

A
ct
iw
at
ch
,E

M
A

–
L
R

A
cc
ur
ac
y:

91
.0
0%

,p
re
ci
si
on

:
92
.9
0%

,s
pe
ci
fic
ity

:9
4.
00
%
,

A
U
C
:0

.9
60

[3
1]

Pr
ed
ic
tt
he

tr
ea
tm

en
t

28
3

D
ep
re
ss
io
n-
fo
cu
se
d
In
te
rn
et

In
te
rv
en
tio

n
In
te
rn
et
in
te
rv
en
tio

ns
as

ef
fe
ct
iv
e

tr
ea
tm

en
ts
fo
r
ad
ul
td

ep
re
ss
io
n

R
F

G
ai
n:

8.
0%

,9
5%

C
I
0.
8–
15

[7
6]

D
is
co
ve
ry

61
0

PH
Q

L
on
gi
tu
di
na
lp

at
te
rn
s

A
N
N

8–
13
%

of
th
e
pa
tie
nt
s
ha
ve

su
ic
id
al
id
ea
tio

n
in

th
e

im
pr
ov
em

en
to

f
th
ei
r
PH

Q
-8

[7
7]

A
ge

es
tim

at
io
n

78
IX

I,
O
A
SI
S

B
ra
in

A
ge

R
el
ev
an
ce

ve
ct
or

re
gr
es
si
on

[7
8]

R
ec
og
ni
tio

n
–

L
an
zh
ou

U
ni
ve
rs
ity

Se
co
nd

H
os
pi
ta
l

–
SV

M
A
cc
ur
ac
y:

84
.8
6%

123



5892 Complex & Intelligent Systems (2024) 10:5883–5915

Ta
bl
e
3
(c
on
tin

ue
d)

R
ef
er
en
ce

O
bj
ec
tiv

e
Su

bj
D
at
as
et

D
om

ai
n

C
la
ss
ifi
er

Pe
rf
or
m
an
ce

m
ea
su
re
s

[7
9]

Pr
ed
ic
tio

n
23
88

Po
st
s
in

da
ily

lif
e
gr
ou
p

PP
D

L
R
,S

V
M
,M

L
Ps

91
.7
0

[8
0]

Id
en
tifi

ca
tio

n
84
,3
17

IN
PC

A
dv
an
ce
d
ca
re

R
F

A
U
C
:0

.9
44
,s
en
si
tiv

ity
:

83
.9
1%

,s
pe
ci
fic
ity

:9
2.
18
%

[8
1]

Pr
ed
ic
tio

n
–

8-
ch
an
ne
lE

E
G
pr
e
an
d
po
st

T
M
S
in

re
st
in
g
st
ag
e

C
om

or
bi
d
po

st
tr
au
m
at
ic
st
re
ss

di
so
rd
er

SV
M

A
cc
ur
ac
y:

78
.6
0

[8
2]

D
ru
g
di
sc
ov
er
y

–
C
M
ap
,A

T
C
,M

E
D
I-
H
PS

R
ep
os
iti
on
in
g

SV
M
,R

F,
G
B
T

–

[8
3]

Pr
ed
ic
tio

n
35
6

N
E
SD

A
Ps
yc
ho
lo
gi
ca
la
nd

B
io
lo
gi
ca
l

L
R

A
cc
ur
ac
y:

66
.0
0%

[8
4]

Pr
ed
ic
tio

n
90

M
I-
A
N
X
D
E
P,
Sw

ed
en

iC
B
T

SM
L

A
cc
ur
ac
y:

64
%
,9

5%
C
I

0.
61
–0
.6
8,

P
<
0.
00
1

[8
5]

Pr
ed
ic
tio

n
17
4

–
Pl
ac
eb
o
vs

an
tid

ep
re
ss
an
t

m
ed
ic
at
io
n
vs

ps
yc
ho

th
er
ap
y

D
T,

R
F,
L
R

–

[8
6]

Pr
ed
ic
tio

n
81

PE
T

rs
62
95

ge
ne

po
ly
m
or
ph
is
m

on
se
ro
to
ni
n-
1A

re
ce
pt
or

di
st
ri
bu
tio

n

R
F

A
cc
ur
ac
y:

72
.5
0%

[8
7]

D
if
fe
re
nt
ia
tio

n
57

A
nx
ie
ty

vs
m
aj
or

de
pr
es
si
on

SV
M

A
cc
ur
ac
y:

90
.1
0%

[8
8]

D
et
ec
tio

n
–

N
on

-i
ns
tit
ut
io
na
liz

ed
U
.S
.

ci
vi
lia

ns
C
lu
st
er
s
th
ro
ug
h
gr
ap
hi
ng

SO
M

P
<
0.
00
1

[8
9]

Pr
ed
ic
tio

n
–

O
PD

in
th
e
C
lin

ic
al
C
en
te
r
of

N
iš
Se
rb
ia

B
re
as
tc
an
ce
r
pa
tie
nt

A
N
N

R
M
SE

:0
.8
53
,R

2
:0

.5
34
5,

r:
0.
72
41

To
ta
ln

um
be
r
of

th
e
su
bj
ec
ts
=

51
3,
76
7;

m
ea
n
±

SD
=

10
,9
31
.2
12

±
35
,6
24
.3
72

R
F
ra
nd
om

fo
re
st
,S
V
M

su
pp
or
tv
ec
to
r
m
ac
hi
ne
,L

R
lo
gi
st
ic
re
gr
es
si
on

,D
T
de
ci
si
on

tr
ee
,E

H
R
s
el
ec
tr
on

ic
he
al
th

re
co
rd
s,
H
C
he
al
th

co
nt
ro
l,
M
D
D
m
aj
or

de
pr
es
si
ve

di
so
rd
er
,B

D
bi
po
la
r
di
so
rd
er
,

fM
R
I
fu
nc
tio

na
lm

ag
ne
tic

re
so
na
nc
e
im

ag
in
g,
K
oW

eP
S
K
or
ea
n
W
el
fa
re

Pa
ne
lS

tu
dy
,t
D
C
S
tr
an
sc
ra
ni
al
di
re
ct
cu
rr
en
ts
tim

ul
at
io
n,
C
H
S
C
la
lit

H
ea
lth

Se
rv
ic
es
,P

P
D
po
st
-p
ar
tu
m

de
pr
es
si
on
,C

A
R
T

cl
as
si
fic

at
io
n
an
d
re
gr
es
si
on

tr
ee
,A

B
A
da
B
oo
st
,G

B
gr
ad
ie
nt
bo
os
t,
X
G
B
ex
tr
em

e
gr
ad
ie
nt
bo

os
t,
K
N
N
K
-n
ea
re
st
ne
ig
hb
or
,N

SS
D
N
at
io
na
lS

ur
ve
y
on

Sy
m
pt
om

at
ol
og
y
of

D
ep
re
ss
io
n,
P
H
Q
Pa
tie

nt
H
ea
lth

Q
ue
st
io
nn

ai
re
,
M
L
P
s
m
ul
til
ay
er

pe
rc
ep
tr
on

s,
T
SS
T-
C

tr
ie
r
so
ci
al

st
re
ss

ta
sk

fo
r
ch
ild

re
n,

iC
B
T
in
te
rn
et

de
liv

er
ed

co
gn

iti
ve

be
ha
vi
or

th
er
ap
y,

SM
L
su
pe
rv
is
ed

m
ac
hi
ne

le
ar
ni
ng
,
IN

P
C

In
di
an
a
N
et
w
or
k
fo
r
Pa
tie
nt

C
ar
e,

C
M
ap

co
nn

ec
tiv

ity
m
ap
,
A
T
C

an
at
om

ic
al

th
er
ap
eu
tic

ch
em

ic
al
,
M
E
D
I-
H
P
S
m
ed
ic
at
io
n
in
di
ca
tio

n
re
so
ur
ce

hi
gh

pr
ec
is
io
n
su
bs
et
,
C
B
T
co
gn
iti
ve
-b
eh
av
io
ra
l

th
er
ap
y,
P
C
C
Pe
rs
on
-C
en
te
re
d
C
ou
ns
el
in
g,
B
D
I-
II
B
ec
k
D
ep
re
ss
io
n
In
ve
nt
or
y-
II
,G

L
M

ge
ne
ra
liz

ed
lin

ea
rm

od
el
,C

H
S
C
lin

ic
al
H
ig
h-
ri
sk

Sy
nd
ro
m
e,
R
O
D
re
ce
nt
-o
ns
et
de
pr
es
si
on
,N

E
SD

A
N
at
io
na
l

E
-G

ov
er
na
nc
e
Se

rv
ic
e
D
el
iv
er
y
A
ss
es
sm

en
t,
T
M
S
tr
an
sc
ra
ni
al

m
ag
ne
tic

st
im

ul
at
io
n,

O
A
SI
S
op

en
ac
ce
ss

se
ri
es

of
im

ag
in
g
st
ud

ie
s,
P
R
O
T
H
U
M

Pr
og
ra
m
a
de

T
ra
ns
to
rn
os

de
H
um

or
,P

R
O
TA

H
B
I

Pr
og
ra
m
a
de

T
ra
ns
fo
rm

s
B
ip
ol
ar
iz
e,
F
F
S-
R
F
ra
nd

om
fo
re
st
-b
as
ed

fil
te
r
fe
at
ur
e
se
le
ct
io
n,

iS
P
O
T-
D
In
te
rn
at
io
na
lS

tu
dy

to
Pr
ed
ic
tO

pt
im

iz
ed

T
re
at
m
en
t-
in

D
ep
re
ss
io
n,

IM
ID

im
m
un
om

od
ul
at
or
y

im
id
e
dr
ug
,S

T
E
P
d
St
el
la
ri
a
Pa
lli
da
,E

H
R
el
ec
tr
on

ic
he
al
th

re
co
rd
,W

C
M

W
ei
ll
C
or
ne
ll
M
ed
ic
in
e,
C
D
R
N

C
lin

ic
al
D
at
a
R
es
ea
rc
h
N
et
w
or
k

123



Complex & Intelligent Systems (2024) 10:5883–5915 5893

Table 4 Previously published study related to deep learning on depression based on the number of the subject, method, dataset, data type, and
objective

References Subject Method Dataset Data type Objective

[14] 29 Deep learning, Neuropsychological
test

Community-dwelling, North East,
England

Speech Detection

[15] – Combination of CNN and LSTM University of New Mexico Signal Detection

[40] 81 NLP Trauma survivors, New York Image, Video Classification

[12] 13,993 BERT, RoBERTa Weibo, China Text Prediction

[11] 34 CNN, STFT, Wavelet EEG dataset Signal Diagnosis

[90] 2757 NN, T-test Data from CO-MED Text Treatment

[13] 51 2D CNN, Graph theory Lanzhou University Signal Recognition

[38] 30 2 D CNN, LSTM EEG dataset Signal Diagnosis

[37] 19,725 Graph theory, T-test NHANES and K-NHANES Image Identify

[36] 1190 FCN, Chi-square test, F-test ADE20K, China Image Examine

[39] 19 SVM, LR, KNN, DNN, Deep-CNN fMRI dataset Image Impact

[91] 8 MFNNs, T-test The National Health Research Institute,
Taipei Veterans General Hospital

Genetic Prediction

[92] – PS-CS Reddit Mathematical Prediction

Total number of the subjects = 37,917; mean ± SD = 3159.75 ± 6285.57

FCN fully convolutional neural network, SVM support vector machine, LR logistic regression,KNN K-nearest neighbor,DNN deep neural network,
EEG Electroencephalogram, fMRI functional magnetic resonance imaging, NLP natural language processing, CNN convolutional neural network,
MFNNs multilayer feedforward neural networks, NN neural network, BERT bidirectional encoder representations from transformers, RoBERTa
robustly optimized bidirectional encoder representations from transformers pertaining approach, STFT short-time Fourier transform, LSTM long
short term memory, PS-CS particle swarm-Cuckoo search

and neuron excitability increased in males [106]. These tran-
scriptional modifications play a role in major depressive
disorders (MDD) and can be studied further to develop anti-
depressive medications accordingly. A study conducted on
Chinese university students showed that high sugar intake,
gender, grades, and complaints of stress and anxiety were
associated with depression [107]. The presence of injury, a
high-fat diet, and depression was associated with anxiety and
stress. This study concludes that stress, depression, and anx-
iety are correlated to causing psychological distress [108].

Effects of depression on the brain
and cardiac systems

Clinical depression is an adverse form of continuous stress.
Stress negatively impacts human behavior andmental health.
Persistent and prolonged stress leads to hippocampus func-
tion impairment because of the increased glucocorticoid
levels [109]. Constant pressure leads to the neural scar
effect’s gradual loss of hippocampus volume. Hippocampus
impairment aggravates stress-induced memory deficit and
cognitive impairment [110]. It is vulnerable and targets part
of the brain in depression. It can result in neurofibrillary tan-
gles and global ischemia. Repeated stress causes dendritic
atrophy in the CA3 region [111]. A study was conducted

by Samuel et al. [112] in which they concluded pre-and
post-synaptic effect of depression on neurons reduces the
number of NMDA receptors activating the TPA/plasmin
system. TPA/plasmin system acts as a mediator in the devas-
tating impact of chronic depression on hippocampal function
at the neural level was on stressed mice. Others were nor-
mal and showed significant loss of hippocampal volume in
stressedmicewithin a ten-day tenure. Normalmice brainwas
not affected by the environment provided and no significant
change was noted in the total brain volume of both groups;
another conclusion was that the same type of stress has an
asymmetric impact on both sides of the hippocampus [113].
In depression, the left hippocampal part has more volume
reduction than the right one [109].

Histopathological studies done postpartum on people who
were depressed in life showed cortical and subcortical region
alterations. Those areas were functionally disabled. Major
depression disorder can be diagnosed by the neuroimaging
of the orbitofrontal region of the brain [114], where the thick-
ness of the cortical is reduced, and the density of neuron and
glial cells are decreased [111]. The progressive histopatho-
logical loss because of depression causes traumatic brain
injury, a significant cause of disability and death around the
globe [115]. Depression increases the number of reactive
oxygen species, causing mitoc stress in the body that low-
ers the antioxidants [116]. The significant effect of oxidative
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Fig. 3 Relationship between
psycho-neurological human
behavior such as stress, anxiety,
and depression

stress is seen in the brain, with a high need for oxygen, fat,
and low antioxidant levels [117]. The increased oxidative
stress because of depression causes neurodegenerative dis-
orders. Pro-oxidants such as copper are found in the free
form more and less in depressive patients, affecting neu-
ronal excitability and functioning. The copper radical also
hinders neurological signal transmission and is negatively
influenced as they alter the cortical glutamatergic neuro-
transmission [118]. Oxidative stress caused by depression is
also linked with cardiac hypertrophy, leading to heart failure
because of the increased free oxygen species and decreased
antioxidant defense [119]. Studies suggest that heart fail-
ure resulting from myocardial infarction is associated with
antioxidant deficit and myocardial oxidative stress [120].
ROS is linked with arrhythmic conditions, leading to cere-
brovascular dysfunction and myocardial infarction. Another
study conducted on patients with acute myocardial infarction
showed that reactive oxygen species are directly connected
with the pathogenesis of atherosclerosis, causing acute coro-
nary artery disease and causing aggravation in the ischemic
condition of the heart [121].

Major depression causes multiple health problems. Two
subjects were studied for four years in a cohort study,
one group with cardiac disease and depression and another
group with depression but not having cardiac diseases. It
was concluded that cardiac mortality increases in depressed
individuals in both groups. Another study states that even
if the social and environmental factors are still minor and
major depression is the causative agent of early death,
minor depression is more associated with elderly patients
[111, 122]. Physical and emotional stress sometimes causes
reversible cardiomyopathy associated with acute onset of
cardiac pain and abnormal cardiac wall motion. Stress car-
diomyopathy is sometimes confused with coronary heart
disease, but the enzymatic levels such as troponin T and
troponin I increase, becoming a risk of heart attack [123].
SCM is also found to elevate other cardiac enzymes such
as plasma catecholamine and neuropeptide levels, which can
cause myocardial stunning and brain injury [124]. Figure 4
illustrates the impact of depression on the nervous and car-
diac system.Thehypothalamic-pituitary axis canbe activated
and necrohormones can be secreted as a result of alterations
in the central nervous system (CNS), which can destabilize
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Fig. 4 Impact of depression on
the nervous and cardiac system

the sympathovagal balance. The progressive onset of coro-
nary artery disease (CAD), plaque activation, and an acute
episode can all be caused by immune system suppression and
an increase in pro-inflammatory cytokine release [125].

Relation between oxidative stress,
inflammation, andmitochondrial
dysfunction in depression

Morava et al. [126] reported that chronic mild stress causes
dissipation of mitochondrial membrane potential, inhibi-
tion ofmitochondrial oxidative phosphorylation (OXPHOS),
and ultrastructure damage of mitochondria in numerous
brain areas plus the hippocampus, cortex, and hypothala-
mus. These findings conclude thatmitochondrial dysfunction
leads to brain energy impairment, and perhaps causes depres-
sion. Furthermore, studies have reported that patients who
suffer from depression show reduced glucose utilization in
the PFC, caudate nucleus, and anterior cingulated gyrus
[127].

Activation of inflammatory, immune, oxidative, increased
HPA-axis and nitrosamine stress paths have been observed
in major depression as evident from many studies. Stress
increases IL-1β, TNFα, IL-6, and another pro-inflammatory
cytokine. Mitochondrial damages are induced by the mito-
chondrial complexes I and IV suppression by TNF-α, a
pro-inflammatory cytokine, and pyruvate dehydrogenase
activities. In the brain, reactive oxygen species (ROS) pro-
duction is increased by IL-6 stimulation and mitochondrial
cytochrome c oxidase is inhibited by Nitric oxide, a potent
inhibitor [128].

The other factor persuading the aetiology of depression
is an inequity between ROS production and the antioxi-
dant defense mechanism. Brain oxidative stress is increased
in depression which lowers brain glutathione concentra-
tion, catalase, superoxide dismutase, and total antioxidant

capacity as reported in-vivo study in mice [129]. The
core site of the cell’s ROS production are mitochondria
and extremely prone to oxidative damage. Proteins, lipids,
oxidative phosphorylation enzymes and mtDNA are fur-
ther disposed to oxidative impairment in mitochondria.
Consequently, mitochondrial dysfunctions exacerbate oxida-
tive stress, impairment of mitochondrial DNA (mtDNA) or
deletions of mtDNA, increase in intracellular Ca2+ levels,
changes in fission/fusion andmitochondrial morphology and
lastly leads to neuronal death. Additionally, mitochondrial
dysfunction is conceded by energy demand upsurge for the
cellular repair process and in this way damage to mitochon-
dria leads to more damage [128].

Effects of depression on gene, protein,
and hormone

Depression is a multifactorial and multi-genetic health prob-
lem. Several genetic mutations are seen that are connected
to depression. The Association between genetic variants,
mood-related traits, and medication of environmental factors
is shown in Table 5 [130]. The hypothalamic-pituitary-
adrenocortical system (HPA) plays a significant role in the
cause and development of depression [131]. HPA system
is hyper-activated in depression by the part of corticotropic
releasing hormone (CRH) and glucocorticoid binding recep-
tor system found in the hippocampus. HPA system dys-
regulation causes cognitive impairment in depressed people
[132]. Depression is associated with CVD, but the mech-
anism is unclear. A study claimed depression increases
C reactive proteins in the body, which causes systemic
inflammation resulting in CVD risk [133]. Inflammation
and depression have a bilateral relationship, as depression
enhances the activation of CRP, IL-1, and IL-6, which is pos-
itively associated with inflammation and increased BMI and
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Table 5 Adapted from clinical
evidence-based
gene-environment interaction
model of depression

Parameters associated with mood influencing Protein Gene

Trait anxiety, neuroticism SERT, CB1 SLC6A4, CNR1

Coping with stress 5-HT1A, 5HT1B HTR1A, HTR1B

Hopelessness TPH2 TPH2

Rumination CERB1, GIRK, BDNF CREB1, KCNJ6,
BDNF

Impulsiveness 5-HT1A, COMT HTR1A, COMT

Anxiogenic and depress-genic effects of Medication SERT, CB1 SLC6A4, CNR1

Effect of negative life events on mood and depression SERT, CB1 SLC6A4, CNR1

Susceptibility towards seasonal changes, depression 5-HT2A HTR2A

vice versa [134]. Cortisol is secreted at the hormonal level,
and the hypothalamus pituitary-adrenal axis (HPA) is also
hyper-activated in depression. An increase in cortisol levels
makes individuals more vulnerable tomood disorders. Estro-
gens are a group of hormones that are associated with women
reproductive health. In depression, estrogen levels are nega-
tively correlated. Decrease in estrogen hormones in female
leads to depression and anxiety, whereas increasing estrogen
levels in women helps reduce depression symptoms [135,
136].When cortisol levels are high, it works on the amygdala
producing simultaneous responses, which later are shifted to
the hippocampus to rationalize the situation. This transition
because of depression is dependent more on an individual’s
cognitive processing before the onset of puberty [137].

Noradrenaline and ACTH show a more rapid increase in
acute stress than cortisol levels. An increase in ACTH levels
elevates cortisol secretion, and it also causes fatty tissuedepo-
sition in the body. Acute stress also promotes leptin and IL-6
these parameters can increase theweight of the depressedper-
son [136]. In major depressive disorder patients, depression
affects the peripheral inflammatory markers activation such
as cytokines, interleukins, chemokines, and tumor necrosis
factor-alpha further affects the blood circulation and parts
of the brain such as the amygdala. Moreover, in women,
elevated estrogen levels aggravate mood swings and stress
conditions. Estrogen also affects the mechanism of action
of antidepressants and the body’s response to them [138].
In depression, it is evident that mitogen-activated protein
kinase, particularly ERK, is down-regulated in depressed
individuals at the hippocampus, and prefrontal cortex lev-
els along with the reduction of BDNF and CREB activity
[99]. The gut microbiome is an important component of
the microbiota-gut-brain axis (MGBA), which influences
the brain and behaviour. Disturbance of the gut microbiome
affects tryptophan (TRP) levels. TRP is an essential amino
acid and there are two major TRP metabolism pathways in
the brain and peripheral systems: > 95% of TRP is converted
into kynurenine (KYN) and its breakdown products, which
are involved in inflammation, immune response, and excita-
tory neurotransmission, while a small portion of TRP is used

to produce transmitters like 5-HT. An earlier investigation
revealed that the enzyme IDO1 was involved in the KYN
pathway and that patients with depression had higher plasma
KYN/TRP ratios. TPH2 is an isoform of TPH that regu-
lates the brain’s production of 5-HT. According to studies,
TPH2 aberrant expression can raise a person’s risk of suicidal
thoughts and severe affective disorder score [139]. Another
gene that plays a significant role in depression aggravations is
5 HT1A. Due to its crucial significance in the autoregulation
of the functional activity of the brain’s 5-HT system, the 5-
HT1A receptor draws particular attention. Overall, 5-HT1A
signaling reduces protein kinase activity and neuronal fir-
ing rate. The pre- and postsynaptic 5-HT neurotransmission
implicated in mechanisms of sleep, stress response, appetite,
sexualmotivation, aggressive behavior, depression, and anxi-
ety is powerfully regulated by 5-HT1A receptors. It has been
demonstrated that genetically defined aggression is corre-
lated with decreased 5-HT1A receptor mRNA expression
in the midbrain, decreased 5-HT1A receptor density in the
hypothalamus, frontal cortex, and amygdala, and lower 5-
HT1A receptor functional activity [140].

Treatment and diagnosis of depression
patients

Depression is one of the major health concerns faced by
human beings worldwide. It is more prevalent in low-income
countries and can trigger many other disabilities [141]. The
effectiveness of treatment for depression is dependent on
several factors such as differences in gender, comorbidi-
ties, behaviors, and socioeconomic conditions [142]. Mul-
tiple treatments are implied to reduce depression in human
surroundings. From the beginning of the twenty-first cen-
tury, ninemajor antidepressants have been introduced to treat
depression. Newly formulated drugs are structurally differ-
ent from previously existing medicines such as monoamines.
Depression has multiple factors, and the treatment plan
should be according to them. It is essential first to rule
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Fig. 5 Treatment of depression
based on different techniques

out the underlying cause of depression. Monoamine oxi-
dase inhibitors are effectively in depressed patients who do
not respond to tricyclics [143]. Estrogen therapy could be
done in women facing prenatal or postnatal depression and
premenopausal stages [142]. Cognitive-behavioral therapy
is also used to treat depression. An experimental study was
conducted to compare behavioral activation of cognitive ther-
apy and behavioral therapy and skills to control automatic
thoughts without CT. Results showed that both treatments
are equally effective, but the attributional stylewas predictive
only in BA, not CT. Psychotherapies are found most effec-
tive even in pandemic times, as provided by the e-counselling
strategy [144]. Exercise or physical activity probably has a
central effect on depression via an increase in the release
of β-endorphins, in the accessibility of brain neurotransmit-
ters such as dopamine, serotonin, and noradrenaline, or in
brain-derived neurotropic factors. Wu et al. [145] provided
evidence for the effectiveness of Aerobic training in Parkin-
son’s disease with depression patients had minimal physical
and mental symptoms and improvement in their QoL and
decrease in depressive symptoms. Aerobic exercise with a

public health dose of 17.5 kcal/kg/week energy expendi-
ture is also effective in lowering the severity of depression
[146]. Another study also claims that when physical activity
is added to antidepressants in one’s treatment, it shows more
positive responses [147]. Multiple levels of treatments for
depression can range from lifestylemodification, psychother-
apy, anti-depressivemedication, estrogen therapy,CBT to the
use of AI. Treatments of depression based on different ways
are summarized in Fig. 5.

The Unani medicine (USM) is a traditional comple-
mentary and alternative system of medicine for treating
depression. It has holistic principles that support a prac-
titioner in turning a diagnosis into a treatment plan and
employs various techniques. It obeys a complete healing phi-
losophy. Hence, in USM various therapies are available for
curing the sickness as well as improving the patient’s gen-
eral health. There is rising evidence of the usefulness of
herbal medicines in treating anxiety and depressive disor-
ders. Psychotherapy, dietary treatment, or pharmacotherapy
can be used alone or in combination to treat depression.
Psychiatric diseases have been discussed in detail in Unani
medicine, which identified numerous symptoms of mental
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faculties due to the participation of vitiated humour, partic-
ularly yellow bile and black bile. Still, their symptoms are
discussed under several headings such as melancholia, delu-
sion, hallucination, insomnia, disorder of love, palpitation,
etc. Avicenna recognized numerous mental illnesses includ-
ing the disorder of love, which was defined as an obsessive
disorder approaching severe depression [148]. In Arabic and
Unani literature, anxiety has been described, while the word
psyche is appended to anxiety to describe its psychological
state. Izterab Nafsani means "concern, fear, and excessive
pondering”. It’s also used to describe a stumbling block to
routine tasks [149, 150].

As per the role of diet, there is another dietary ele-
ment named as probiotic commonly found in yogurt that
can be very helpful for depression patients. Probiotics’
primary function in the treatment of depression is to mod-
ulate the gut microbiota to restore the balance of the gut’s
microorganisms. By encouraging the biotherapeutic activity
of the advantageousmicrobiota and inhibiting the pathogenic
action of the pathobionts, probiotics have a positive impact
on human health [61]. A bacterium is the best option for a
probiotic if it can penetrate the target organ, which is typi-
cally the intestines, endure numerous physiological stressors,
including the shifting pHdown the gastrointestinal canal, and
stop the progression of the disease [62, 63]. The most popu-
larmicroorganisms employed as probiotics areLactobacillus
spp. and Bifidobacterium spp. because of their wide range of
health-promoting qualities. These bacterial species are well-
known for their potential as antidepressants and for having
good safety profiles. They have a modest pathogenic poten-
tial and hardly accelerate the horizontal spread of antibiotic
resistance in pathogens [151].

Temperament is a unique condition in the USMof an indi-
vidual that reflects metabolic, neuroendocrine, genetic, and
some environmental balance at the optimal adjustment of
function level [150]. The body’s normal and healthy func-
tioning depends on the harmony of certain temperament, and
disruption in this state is the source of bad health, resulting
in various medical states. Simple imbalance of temperament
is defined as a change in the equilibrium of four qualities,
namely warmness, coldness, moistness, and dryness. If this
imbalance occurs at the level of body fluids/humour, it is
defined as abnormal substantial temperament [149, 150].
Hippocrates’ humoral theory is well known and his idea
assumes that the body contains four humours expressed as
sanguine, phlegmatic, choleric, and melancholic based on
the humour present in them. Each individual is expected to
have a different humoral constitution that reflects their overall
health. Any change in this has an impact on his overall health.
Psychic, vital, and digestive faculties are the three major fac-
ulties in Unani medicine to manage the human body and are
unique to a given tissue or organ, and they are responsible

for the organ’s distinct tasks. Nutrition, growth, and repro-
duction are all addressed by digestive power/faculty. Brain is
said to be the seat of psychic or mental power, which is con-
cernedwith sensory, intellect, andmotor functions. These are
perceptive/cognitive faculties, of which there are two types:
external perceptive power and internal perceptive powers.
Internal perceptive faculties are connected with the intellec-
tual functioning of the brain. In contrast, sensory function
is external perceptive power and also includes five exter-
nal senses such as hearing, vision, smell, taste, and tactile
sensation. Psychiatric issues are addressed in depth in the
psychiatric diseases in Unani literature. Imaginative power,
thinking power, and memory were described by Haly Abbas
(Majusi) [150, 152].

Traditional Unani medicine describes that the brain is at
the center of these abilities, which allows them to plan and
execute functions of imagination, reasoning, and memory.
The change in quantitative or qualitative of humours pre-
dominantly morbid black bile and loss of continuity leads to
an imbalance temperament of the brain and act as a risk fac-
tor for psychiatric, mental illnesses caused by disturbance of
mental faculties [153]. Psychiatric diseases produce depres-
sion, grief, hallucination, mood swings, delusion, sadness,
negative thoughts, etc. These symptoms are surmised as
depression. Forgetfulness and dementia (Alzheimer’s dis-
ease) arise in old age due to changes in the brain, morbid
phlegm accumulation in the brain whereas excessive dry-
ness causes insomnia [154]. Pneuma movement outward or
inward is seen in various emotions for example in anger the
pneumatic moves sudden and outward, gradual and outwards
as in happiness, in fear, sudden and inward and gradual and
inwards as in sadness [3]. Internal perceptual capacities are
five in number includes faculty of composite sense, imagi-
nation, memory, and ideation powers [154].

Faculty of composite sense is the capacity to convert all
sensations, react to this form, and combine their shapes.
Memory power is responsible for the retention and mem-
orizing of the shapes of things. Imagination power is defined
as the perception of thinking. Ideation and memory power
help to performs imagination power. Imaginative power is
concerned with creating abstract concepts, imagination, and
thoughts. They were only divided into three categories by
Haly Abbas and other physicians: thought, thinking and
memory processes are considered as a single faculty.

The brain is classified into three functional parts by Unani
physicians: forebrain,midbrain, and hindbrain. The forebrain
has the processes/power of the thought, the midbrain think-
ing and hindbrain memory. If a disease affects the entire
brain, all three processes and functions become impaired.
If the condition is limited to a particular brain area, the
deficiency will only affect that faculty. Psychiatric disorders
are classified as depression/ melancholia, insomnia, palpita-
tion, delirium, insanity and other terms in the Unani medical
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system [155]. Avicenna has recommended the use ofmedica-
tions that increase the substance of the brain, purify the brain,
sedative, brain tonics, andmedications that promotememory,
heart tonic, brain stimulants, and memory enhancers. Blood
purifiers purify the blood to some extent. The medications
that stop producing and prevent gaseous material migration
towards the brain from other body organs may potentially be
used in the treatment if necessary [3]. The following are the
therapy principles:

• Except for sanguine humor, concocting the affected
humour, primarily through concoctions followedbypurga-
tives for morbid matter evacuation, and secondarily vene-
section.

• Usingmedications such asmoisturizer, alternatives of tem-
perament, therapy like massage, exercise, and exhilarants
to relieve tachycardia, palpitation, thirst, and overall cold-
ness.

• Using psychiatric counselling and administering brain ton-
ics.

Treatment care plan is determined by the humour that is
impacted. Depression is frequently produced by the com-
bustion of one of the four senses of humour, which then
transforms into the black bile variety; as a result, the afflicted
humour, i.e., the predominance of black bile throughout the
body, must be removed. Depending on the patient’s con-
dition, venesection of the saphenous or cephalic vein is
performed until the running blood’s blackish hue and vis-
cosity persist. Following venesection, black bile purgative
is advised such as medicated decoction of roots of Papaver
somniferum, Ziziphus sativa, Cordia latifolia, Andopogams
haenarthus, Caparis spinosa root wall, Rubia cordifolia,
each 25 gm, and givenwith sweet almond oil (RoghanBadam
Shirin) in a dose of 70 ml for 7–10 days continuously [150,
152]. Evacuation is produced with semisolid preparation
(Jawarishat), which consists of Cuscuta reflexa, Terminalia
chebula unripe fruit, and Boswellia serrata. Following vene-
section, lamb flesh cooked withCucurbita maxima, Spinacia
olereacea, and dressed with almond oil, as well as half-
boiled egg yolk with Sharbat-i-Banafsha, can be advocated
to produce moistness in the blood. As a purgative, Habb-i-
Ustukhudoos (Lavandula stoechas) can be used. If purgation
is required,Cuscuta reflexa infusion and Lavandula stoechas
with cow’s churned milk should be provided [156].

Mechanism of action of natural bioactive
molecules in medicinal plants for depression

Medicinal plants comprise many natural bioactive com-
pounds useful in psychiatric disorders (anxiety, depression,
etc.) as they possess antidepressants, nootropic (cognitive

enhancing), anxiolytic, hypnotic, sedative, antioxidant, and
analgesic potential activities. The versatile cellular mech-
anism of action of these plants involves stimulating CNS
activity or sedating and adaptable endocrine system’s healthy
function. Specific plant secondarymetabolites such as tannin,
phenolic compounds, and alkaloids bind to neurotransmit-
ter/neuromodulator receptors acts through general function
and alteration in neurotransmitter synthesis. Other traditional
properties such as “adaptogenic” and “tonic” activities are
hypothesized to augment adaptation to exogenous stressors
through multifaceted effects on the endocrine system and
neurochemistry [157]. Monoamine oxidases (MAOs) are
localized on the mitochondrial outer membrane and they
are Flavin adenine dinucleotide (FAD) co-factor-dependent
enzymes. These enzymes catalyze the oxidation of endoge-
nous and xenobiotic monoamines. Thus, MAOs modulate
the levels of monoamine neurotransmitters and play a poten-
tial role in the central and peripheral nervous system.
MAO-A and MAO-B are two isoforms that are present
in most mammalian tissues. Monoamine oxidase MAO
inhibitors (MAOIs) inhibit the activity either of MAO-A
or MAO-B [158]. Antidepressants are MAO inhibitors of
type A (MAOI-A). Phytoconstituent flavonoids (catechin
and quercetin) inhibit MAO. Quercetin inhibits MAO-
A. "Flavonoids activated upstream MAPK–kinase–kinase,
inhibited oxidative stress-induced apoptosis, and prevented
Jun N-terminal kinase activation”. Catechin increases serum
BDNF. Polyphenols, the secondmetabolite in the plant mate-
rial acts on TrkB and TrkA expression and neurogenesis
are amplified which results in neuroprotection and antide-
pressant potential [159]. Tannins act as antioxidants [160].
It is supported that the energy metabolism of mitochondria
might have an antidepressant activity [161]. Several Unani
plants extract and natural products such as P. somniferum,
Z. jujube, S. nigrum, B. monnieri, C. sativa, T. terrestris,
W. somnifera, V. officinalis, Chamomilla officinalis, Echium
amoenum, etc. have been examined and screened for their
possible neuro pharmacological actions in diverse animal
models including mice and rats [162]. A study reported that
black cohosh, chaste berry, passionflower, chamomile, laven-
der, and saffron seem to be beneficial inmitigating depression
with favorable risk–benefit profiles compared to standard
treatments [163]. Numerous human clinical trials provide
initial positive evidence of the antidepressant properties of
C. sativus, E. amoenum, and R. rosea. However, they con-
cluded that watchfulness is suggested when interpreting the
results as numerous studies have not been replicated. Fur-
thermore, in vitro and in vivo evidence of several herbs are
currently unexplored in human studies [157].

Z. jujube seeds, leaves and fruits have sedative, hyp-
notic, and anxiolytic actions. It contains phytoconstituents
such as triterpenic acids, flavonoids, phenolic acids, nucle-
osides, saponins, cerebrosides, vitamins, and total sugars.
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Its chemical compounds are Zizybeoside I and II, Zizyphus
saponin I and II Jujubasaponin IV, Swertisin, Lotoside I and
II, Chryseoriol, and Quercetin [164]. In the mice model, B.
monniera exhibited antidepressant activity [165]. B. mon-
nieri plant is reported to have anxiolytic, antidepressant,
antiepileptic, and anti-parkinsonism activities. It contains
phytoconstituents such as alkaloids (nicotine, bacosides A
&BBrahmin, and herpestine), saponins (monnierin and her-
saponin), flavonoids (apigenin and luteolin), and sterols like
beta-sitosterol and stigma-sterol, proven for neuro pharma-
cological activities. T. terrestris leaves and the whole plant
are proven for anxiolytic, antidepressant and sedative activi-
ties. Its phytoconstituents are flavonoids, saponins, alkaloids
glycosides, and tannins. The chemical compounds present
in T. terrestris are quercetin, stigmasterols, rutin, tigogenin,
neotigogenin, ruscogenin, cafeoyl, kaempferol, tribulosid,
chlorogenin, terrestribisamide, Beta-sitosterol, norharmane
harmane, and tribulusterine [166]. Similarly, W. somnifera
has been reported to have anticonvulsant, antidepressant,
anxiolytic, and anti-Parkinson actions,mostly due to the pres-
ence of sitoindosides VII–X, withanolides, and withaferin-A
[167]. Müller et al. [168] use 2500 participants with depres-
sion, reported the combination of valerian (600 mg) and St
John’s-wort (600 mg) showed improved effects than each
of them alone. Valeriana officinalis (valerian) acts as a par-
tial agonist on the 5-hydroxytryptamine 2A receptor and
the γ-aminobutyric acid (GABA)-A receptor comparable to
benodizapenes and boosts melatonin release thereby having
antidepressant action. The valerenic acid and valepotriates,
natural bioactive molecules of valerian root are account-
able for their abovementioned application [169]. Amsterdam
et al. [170] reported in an RCT on 57 patients that chamomile
capsules (220 mg/dl) for 8 weeks significantly decreased
the depression score in the chamomile than in the placebo
group. Women during the postpartum period who consumed
chamomile tea reported significant improvement in quality of
sleep and depression in a controlled trial [171]. Apigenin and
quercetin are bioactive molecules in chamomile with antide-
pressant potential because they can modulate dopamine,
norepinephrine, GABA messaging, serotonin and controls
hypothalamic pituitary adrenal (HPA) axis activity, and
inhibits monoamine oxidase (MOA) enzyme action [170].
Sayyah et al. [172] reported E. amoenum (borage) (375 mg)
showed significant antidepressant activity than placebo in a
6 weeks RCT. Rosmarinic acid and the sinine are the bioac-
tive molecules were identified in Borage [173]. Some studies
on borage recognized the role of oxidative stress in the anx-
iety of rodents. According to this, it has been shown that
induction of oxidative stress in mice occurs at the same
time as anxiety. E. amoenum has antidepressant, anxiolytic,
anti-obsessive–compulsive, anti-inflammatory, antioxidant,
and analgesic properties. The functional mechanism of E.
amoenum perhaps depends on γ linolenic acid (GLA) [174].

Flowers of E. amoenum have GLA and anti-inflammatory
and antioxidant properties. Cyanidin 3-glucoside is the most
common anthocyanin present in the E. amoenum petals that
has neuroprotective action and has routinely been used as an
antidepressant and anxiolytic medicine inAsia [175]. Lavan-
dula spp. is potentially useful in depression, anxiety and
somatic tension. In various studies in animal models, anxi-
olytic activity has been proven. Lavender acts throughGABA
modulation (based on volatile constituents) [162]. An RCT
confirmed that lavender tincture with imipramine was more
effective than lavender alone in mild to moderate depres-
sion [176]. Other studies confirmed that L. angustifolia oil
and Linalool had antidepressant and anxiolytic potentials in
experimental animal models. viz., modulates both dopamin-
ergic and serotonergic pathways, and improves the signaling.
Another study established that lavender essential oil exhibits
dose-dependent specificity for NMDA receptor [177]. Nik-
farjam et al. [178] confirmed in an RCT that L. officinalis,
as well as venlafaxine, were effective in major depressive
disorder. Another double-blind RCT study showed that M.
officinalis andL. angustifolia had similar effects to fluoxetine
inmild tomoderate depression [179]. Liu et al. [180] reported
that Rhodiola rosea extracts in the hippocampus raise the
5-HT level, promote the proliferation of neural stem cells,
and repair the damaged neurons in depressive rodent mod-
els. Rhodioloside a chemical compound present in R. rosea
potentially inhibits stress-induced p-SAPK/p-JNK signaling
pathways, showing its anti-depressant activity. Nymphaea
lotus and N. Alba (Niloufer) flowers have anxiolytic, antide-
pressant, antioxidant, and sedative properties.

The seed extract of C. sativum demonstrated
antidepressant-like activity by interacting with adreno-
ceptors, GABAergic receptor and dopamine D2 receptor
thereby increasing norepinephrine, dopamine and decreas-
ing GABA levels in mice brains [181]. The whole plant ofC.
sativum L. (Kishneez) exhibited antianxiety, anti-epileptic,
antioxidant, and anti-inflammatory properties. In the animal
models of anxiety, it improved exploratory activity and
restored monoamines and GABA levels, reducing excito-
toxicity levels of glutamate in the hippocampus region. It
contains linalool, limonene and myrcene molecules which
exhibit anxiolytic activity [182]. Flower and root of Viola
odorata Linn (Banafasha/Sweet Violet) exhibited anxiolytic,
antidepressant, sedative, anti-inflammatory, and antioxidant
properties. The V. odorata extract (100–400 mg/kg) reduced
immobility time in both force swimming test (FST) and
tail suspension test (TST) in male mice animal models.
The bioactive molecules in V. odorata are delphinidin,
P-coumaric acid, tocopherol, anthocyanin, violanin chlo-
ride, anthocyanin, rutoside, friedelin and beta-sitosterol
[183]. Curcumin treatment exerted significant antidepres-
sant activity that is equivalent to the SSRIs (fluoxetine and
imipramine), renowned antidepressant drugs. In addition, it
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also prevents hippocampal BDNF levels from diminution
in stress animal models and comparable to imipramine.
Curcumin upsurges dopamine levels in the animal model
(rodents) and the brain significantly reducing the prop-
erties of agents that induce a decrease in dopamine and
adrenaline concentration. Hence various researches during
the past decade confirmed that curcumin can control the
levels of the neurotransmitter (norepinephrine, dopamine,
serotonin and BDNF) that are accountable for behavior
and mood regulation [184]. Furthermore, curcumin reduces
pro-inflammatory cytokines gene expression, downregulates
ICAM-1 and MCP-1, suppresses NFκB induction, procol-
lagen type I, and HMGB1, cyclooxygenase-2, and tissue
inhibitor of MP-1 and induces PPAR-γ and have an effect
on inflammation [185]. Curcumin’s bioactive molecule
also possesses antioxidant activity that is interconnected
which triggers many antioxidant enzyme actions including
catalase, glutathione transferase, and heme-oxygenase-1
[186]. Khayat et al. [187] stated that neurotransmitters
levels were increased by curcumin, as a result, improved
premenstrual mood and behavioral symptoms and COX-2
enzyme were inhibited as a result reducing physical symp-
toms of menstruation. Crocin present in C. sativus inhibits
dopamine and norepinephrine reuptake, whereas safranal
inhibits the reuptake of serotonin through the NMDA
receptor. Allium sativum is useful in neurodegenerative dis-
orders instigated by oxidant-mediated brain cell mutilation,
mainly Alzheimer’s [188]. In the human brain, garlic intake
perhaps inhibits β-amyloid protein (Aβ) aggregation. A
preclinical study in ovariectomized rats exhibited signifi-
cant antidepressant properties of garlic and black sesame
present in the dietary supplement [189]. Garlic, possibly
reduces brain oxidative stress, hence effective in anxiety
and depression behaviors in diabetic rats [190]. In addition,
antidepressant-like activity was proven in a preclinical
study conducted in mice, which exhibited that garlic extract
inhibited MAO-A and MAO-B [191]. Fruit of Termina-
lia chebula Retz exhibited antidepressant and anxiolytic
properties in an animal model (rodent). A study confirmed
that in premenstrual mood and behavioral symptoms in
women in the luteal phase, serum BDNF levels are lesser.
In PMS women, treatment with Zinc supplement causes
a noteworthy surge in BDNF than placebo. It has antide-
pressant antioxidant, and anti-inflammatory activities. It
also perhaps affects inflammatory markers i.e., hs-CRP and,
consequently, improves psycho-behavioral premenstrual
symptoms [188]. Moreover, Zn2+ has an inhibitory role
at GABA-A receptors [192]. A study confirmed that zinc
increases the mRNA and BDNF protein in the hippocampus.
It induces the MMP that triggers TrKP, then leads cells
to release pro-BDNF and convert to BDNF. BDNF helps
in the differentiation and endurance of serotonin in the
neuron. In the body, Zinc also has antioxidant action and is

hypothetical to counter the excess ROS and inhibits NADPH
oxidase [193]. IL-10 effects on the brain and behavior and
possess anti-inflammatory immune function and takes part
in depression anxiety, and modulation of mood symptoms
[193]. Vitamin D decreases inflammation and has antide-
pressant activity, as the action of 1,α, 25-dihydroxy vitamin
D3 (1α, 25(OH) 2D3) is mediated through Interleukins. Vit
D3 impedes IL-12 production in activated macrophages.
The preliminary action of 1α, 25(OH) 2D3 is a cyclical
downhearted regulation of IL-12B appearance at the begin-
ning of inflammation, till it supports the immune rejoinder
with a likely level. Moreover, a secondary action of IL-10
happens that switches off the IL-12B gene [193]. In addition,
the rhizome extract also has a tranquillizing effect. Iron,
zinc, magnesium, etc. micronutrients deficiency leads to
depression. Polypody rhizome and wheat germ contains
iron, zinc magnesium hence useful to reduce depression and
other pscyho-behavioral symptoms [194].

Evidence based studies of composite
formulation

Sharbat-e-Ahmed Shahi is an antidepressant Unani com-
pound formula used for depression and insomnia. One of
the ingredients is P. vulgare, the investigators testified that
this compound potentially increases the availability of tryp-
tophan, a 5HT precursor in blood and brain. Hence this
compound increases 5-HT in the brain and has anxiolytic
and antidepressant actions in experimental rats [195]. P.
vulgare, a bioactive molecule, phytoecdysteroids possibly
influence the activity of the central nervous systembecause of
GABA-A receptor neuromodulatory action and neurotrans-
mitter metabolism effect partially (increases the synthesis of
GABA and decrease the breakdown of acetylcholine), and
antioxidant properties [196]. Yasir et al. [197] investigated
the effect of Sharbat Ahmad Shahi on serum BNDF levels
in mild to moderate cases of depression and concluded that
the formulation improved the serum BDNF level in 20 diag-
nosed cases of depression. Urooj et al. [198] studied animal
models (rodents) and confirmed the antidepressant activity
of bothMajoon Najah extracts and the traditional compound
Unani formulation.They concluded that antidepressant activ-
ity of Majoon Najah was exhibited because of multiple
constituents present in its ingredients that possibly interact
with dopaminergic adrenergic, and serotonergic receptors to
result in increased levels of dopamine, norepinephrine, and
serotonin with reduced GABA levels in animal brains [199].
The ingredients of the compound formulation are T. chebula
Retz, T. bellerica Roxb, E. officinalis Gaertn, O. turpethum
Linn,P. vulgareLinn,C. reflexaRoxb andL. stoechasMill. A
preclinical study in mice showed E. officinalisGaertn extract
(Amla) had anti-depressant activity similar to imipramine
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and fluoxetine [199]. Its anti-depressant potential was cred-
ited to inhibit MAO-A and GABA [199]. In an animal model
(mice) T. bellirica aqueous and ethanolic extracts showed
significant antidepressant-like activity by interacting with
dopaminergic, adrenergic and serotonergic systems [200].
Koneru et al. [201] reported anti-depressant activity of Itri-
fal Kishneezi, aUnani compound formulation in Swiss albino
mice, comparable with fluoxetine and imipramine. Itrifal
Kishneezi contains T. chebula, T. belerica, E. officinalis,
C. sativum clarified butter and honey. Zakerin’s group in
an experimental study on rats investigated the antidepres-
sant action of a polyherbal syrup containing E. amoenum,
M. officinalis, L. angustifolia, Z. jujuba, A. capillus-veneris,
G. glabra, F. vulgare, C. myxa, F. parviflora, and Alhagi
spp. Manna [202]. They confirmed that polyherbal syrup
exhibited significant antidepressant activity and caused an
increased in 5 HT and NA levels in the rat without any effect
on BDNF [202]. Antidepressant-like activity ofG. glabra L.
was investigated inmousemodels and researchers concluded
thatG. glabra antidepressant activity appears to be facilitated
by the increase of brain dopamine and norepinephrine and
the inhibition of MOA [202]. Singh et al. [203] investigated
the antidepressant activity of Foeniculum vulgare (fennel)
fruits methanolic extract in experimental animal models.
And it is concluded that F. vulgare exhibited antidepressant
effects through MOA inhibitory actions. In chronic stress, in
adult male mice A. capillus veneris exhibited antidepressant
action [204].Aqueous extract ofM.officinalis showedantide-
pressant properties similar to imipramine [205]. Khamira
Gawzaban Ambari Jadwar Ood Saleeb Wala is reported to
possess antidepressant activity in mice. This compound for-
mulation contains Paeonia emodi Wall. ex Royle, Althaea
officinalis L., Borago officinalis L. (Flower), Melissa offic-
inalis L. Cocoon of Bombyx mori L., Santalum álbum L.,
Delphinium denudatum Wall. ex Hook & T, Salvia haema-
todes W., Lallemantia royleana Benth., Borago officinalis
L. (Leaf), Cheiranthus cheiri L., Coriandrum sativum L.,
Ambra grasea, silver leaves, and gold leaves. In addition,
in animal model mice Khamira Gawzaban Ambari Jadwar
Ood Saleeb Wala also showed improvement in learning and
memory function. Sufoof Jawahar Mohra exhibited signifi-
cant antidepressant activity at 12 and 24mg/kg in FSTmodel
[206]. Lee et al. [207] summarized the therapeutic benefits
of phytochemicals such as curcumin, quercetin ferulic acid,
carvacrol, proanthocyanidin, L-Theanine, and resveratrol in
depression.

The phytochemicals and herbs’ antidepressive proper-
ties have been related to various mechanisms including
monoamine neurotransmitters, HPA axis, and neurogene-
sis/neurotrophic factors mechanisms. Completely seems to
include the promotion of neuronal cell survival and differen-
tiation and neuronal cell apoptosis inhibition. Phytomedicine
application is a possible choice for depression treatment

where conventional drugs are not appropriate due to their low
effectiveness and side effects. However, the investigator rec-
ommended that the safety and efficacy of above-mentioned
phytochemicals for depression must be reinforced by clin-
ical studies. Figure 6 summarizes the role of oxidative
stress, mitochondrial dysfunction and inflammatory pro-
cess in depression and actions of bioactive molecules of
herbal medicines as antidepressant, antioxidant, and anti-
inflammatory.

Depressive moods and episodes can be a barrier to
exercise, so further studies suggest making exercise plans
specifically for depressed patients [208]. Psychodynamic
psychotherapy treatment is required for depressed individu-
als as they feel losing their self-esteem. Psychotherapy helps
patients stay calm and at peace with their lives [208]. Age-
specific treatments still need to be conducted. Probiotics are
also good in improving the symptoms of depression [209];
probiotics from the food sources such as pickles, yoghurt,
and fermented products can be added to the diet of depress-
ing patients to reduce the episode frequency and improve
the severity. The anxiety symptoms can also be reduced
by Omega 3 fatty acid supplementation, as in depression,
the omega-six is increased, ad omega-three fatty acids are
reduced [210]. It increases the severity of the disease. So,
omega-three food sources such as olive oil and coconut oils
can also be added to the patient’s diet and supplements. The
treatment for depression patients is inadequate in 50% of the
cases, so a multistage treatment is proposed for depression
[211]. The affected area will be studied first. Secondly, the
target areas will be treated with novel antidepressants [211].
Based on the biomarkers involved, further treatment plans
and diagnosis plans for depression should be made. Particu-
lar attention is required for the treatment plan of depression
based on epigenetic and biochemical markers, as these mark-
ers can help target specific sites affected by depression. It is
believed that such a treatment will be more effective and
quick [212].

Digital help in depression is a new technique and an effec-
tive one in lowering the cases of depression. It does not
require a person to visit a consultant’s office, and it is both
time and money-saving [213]. A suite of indelicate apps,
easy to download on one’s phone, offers interactive learning
and psycho-educational tools. A pilot study showed positive
impacts on lowering the frequency of depressive episodes
[58]. The various type of treatment related to depression are
mentioned in Fig. 6.

Discussion

In this review, we have integrated and reviewed the effects
of depression on the human brain and cardiac systems in the
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Fig. 6 Depiction of the role of oxidative stress, mitochondrial dys-
function and inflammatory process in depression and actions of
bioactive molecules (rosmarinic acid, luteolin, apigenin, quercetin,

beta-sitosterol, anthocyanin, withanolides, withaferin-A, and valerenic
acid are beneficial in depression) of herbal medicines as antidepressant,
antioxidant and anti-inflammatory

Fig. 7 Network visualization based on a previously published article related to this study

relation between oxidative stress, inflammation, and mito-
chondrial dysfunction in depression. Further, the effects of
depression on genes, proteins, and hormones in the human
body were also reviewed with the major role of machine
learning and deep learning in depression. In addition, we
also retrieved data regarding preclinical and clinical stud-
ies conducted on various Unani single medicinal plants and
composite formula plus concept for treating and diagnos-
ing depression patients using Unani and the modern system
of medicine. Further, the relationship between depression,
stress, and anxiety was also comprehended.

Clinical Depression impacts the general well-being of
an individual. Prolonged depression results in hippocam-
pus atrophy, neural scars, and memory deficit. Depression
affects CNS and other human body systems such as the car-
diovascular, GI and reproductive systems. Oxidative stress
caused by depression affects the heart, leading to cardiac
hypertrophy, and decreased antioxidant defense can result
in cardiac failure. As per the etiology of depression, several
factors are highlighted in current reviews, such as genetic fac-
tors, hormones, HPA axis, and environmental factors [113].
Currently, depression is considered as the disease of the

123



5904 Complex & Intelligent Systems (2024) 10:5883–5915

century as its incidence is increasing in society. Multiple
treatments are available for depressive disorders, but the
effectivity varies by mean of gender, socioeconomic status
and co-morbidities. The use of medicinal plants are consid-
ered as a therapeutic substitute for treatment with the no or
minimal side effects and treatment of depression through the
action of different chemical compounds present in the struc-
ture of plants [180]. In USM, the authentic classical texts
surmised single as well as composite Unani formulations
effective for the treatment of psychiatric disorders including
depression. Single herbs bioactivemolecules such as linalool,
limonene, delphinidin, P-coumaric acid, tocopherol, antho-
cyanin, violanin chloride, anthocyanin, rutoside, friedelin,
curcumin, beta-sitosterol, bacosides A&BBrahmin, herpes-
tine, monnierin, hersaponin, apigenin, luteolin, and myrcene
are useful to treat depression, and anxiety. In addition, com-
positeUnani formulae showed the potent action in depression
such as (Sharbat-e-Ahmed Shahi, Majoon Najah, Itrefal
Kishneez, Khamira Gawzaban Ambari Jadwar Ood Saleeb
Wala, andSufoof JawaharMohra) are provenof their efficacy
and safety in preclinical and clinical studies in depression
and anxiety [195, 197, 198, 201, 206]. Affirmative effects
of various Unani herbs and their active compounds such as
chamomile, M. officinalis, Z. jujube, S. nigrum, B. monnieri,
T. terrestris, W. somnifera, sweet violet, terminalia, laven-
der, borage, saffron, turmeric, valerian, and Rhodiola rosea
L. in mild, moderate or major depression amelioration have
been reported in preclinical and clinical trials [214]. The
aforementioned Unani medicinal plants show antidepressant
properties and have lesser side effects than synthetic drugs.
Further, many of these herbs also have anti-inflammatory,
antioxidant, sedative, anxiolytic and other properties. Hence,
they have the potential to treat patients with depression.
Furthermore, in clinical practice, the empirical Unani for-
mulas have been proven to have superior efficacy than single
drugs, perhaps due to their reciprocated detoxification and
synergistic interactions. In a composite formula, the synergy
of multiple herbs triggers the interactions between herbal
molecules from versatile herbs. Other anti-depressant ther-
apies include monoamine therapy [121], Estrogen therapy
in females, and congenital behavioral therapies, which can
help to increase the impact of medications and help to cure
the depressive disorder. Lifestylemodification has been stud-
ied and proved to prevent many health problems. In the
case of depressive patients, physical activity and a healthy
diet are also proven as significant factors to reduce anxi-
ety and depressive behaviors [215]. In the pathophysiology
of depression, a major challenge is lack of an assimilated
database together with all interactions among the patholog-
ical aspects across biological systems, though efforts have
been made to recognize the specific interactions within the
CNS [216]. The mechanisms of action as per data collected,
it is established that the aforementioned medicinal plants

referred can modulate the brain signaling pathways respon-
sibly for the symptoms of depression. This is accomplished
with inhibition of the serotonin transporter protein or sensiti-
zation of serotonin receptors or inhibitsMA, alterations in the
transmission of GABAergic and/or glutamatergic transmit-
ters, increase BDNF, effect on concentrations of serotonin in
the synaptic cleft and act on dopamine. However, although
these actions have been scientifically proven, considerable
research is still required to confirm the safe usage of these
mediators as herbal medicines in the substitute or adjunctive
handling of depressive disorders [180, 217].

We designed a novel network visualization diagram based
on the previously published data using VOSviewer [218]
shown in Fig. 7. While, we compared the closest terms based
on the network visualization techniques, published key-
words, and our present study, mentioned in Fig. 8. This study
will open away tofind relevant and significantwork related to
the depression. It would be helpful for researchers, academi-
cians, scholars, scientists, and doctors to find out the exact
work related to depression. Previously, many researchers
have implemented network visualization techniques in differ-
ent areas like premenstrual syndrome [49], insomnia disorder
[219], bruxism disorder [220], motor imagery [27], aug-
mented reality [221], stress [26], blockchain technology
[222], and smartphone addiction [223]. In addition, some
researchers used word cloud in the area of anxiety, premen-
strual syndrome with oxidative stress and inflammation [49],
motor imagery with deep learning [27], education with aug-
mented reality [221], human stress with machine learning
[26], cryptocurrencywith blockchain technology [222], yoga
with intelligence [47].

We compared our studywith previously published reviews
[224–228] mentioned in Table 6. We found that our study
is a comprehensive effort for researchers, scientists, doc-
tors, academicians, and scholars related to depression. It
provides necessary details in multidisciplinary areas such as
zoology, botany, chemistry, pharmacy, medical, psychology,
food, medicine, computer, electronics, electrical, and engi-
neering. It also covers the present, past, and future aspects to
depression.

The feasibility of the results obtained from the implemen-
tation and computational point of view in the reviewarticle on
depression, focusing on AI, genetics, hormones, and oxida-
tive stress, along with detection, treatment, and effects, relies
on several important considerations. First and foremost,
the availability of high-quality and relevant data is crucial.
The presence of comprehensive datasets comprising genetic
information, hormone levels, oxidative stress markers, and
depression-related data is essential for conducting robust
analyses. The quality, size, and diversity of these datasets
play a significant role in the reliability and generalizability of
the results. From a computational perspective, the studymust
have access to sufficient computational power. Analyzing
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Fig. 8 Word cloud based on
previously published keywords
and this study

Table 6 Comparison between present and previously published reviews related to depression

References Year Major Finding

[224] 2022 Gut microbiota, MDD, pathophysiology Role, application

[225] 2022 fMRI, BD Clinical correlations, risk

[226] 2021 Neural circuit, circuit dysfunction, anxiety Abnormal changes, lack of pleasure, helplessness

[227] 2021 Late-life depression Network model, abnormalities

[228] 2021 Gastrointestinal motility, stress, neurotransmitter, diet,
inflammation, anti-depressants

Therapeutic targets, biomarker response

Present Study Brain, heart, oxidative stress, inflammation, mitochondrial
dysfunction, gene, protein, hormone, artificial
intelligence, unani system of medicine, modern medicine,
bioactive molecule, nutritional supplements, network
visualization

Role, effect, detection, treatment, relationship,
application, prediction, artificial intelligence, closest
terms, research gap, future directions

genetic data, applying machine learning algorithms, per-
forming network visualizations using tools like VOSviewer,
and generating word clouds can be computationally inten-
sive tasks. Adequate processing power, memory, and storage
resources are required to handle the data and implement the
necessary algorithms effectively. Additionally, the develop-
ment and optimization of appropriate algorithms are crucial
for the feasibility of the results. Designing machine learning
models, creating genetic analysis pipelines, and developing
statistical methods tailored to the specific research objectives
are essential. The accuracy, performance, and interpretabil-
ity of these algorithms significantly impact the validity and
usefulness of the obtained results. The integration and inter-
pretation of findings from different domains, such as AI,
genetics, hormones, and oxidative stress, require careful
consideration. Bridging multiple disciplines and combining
various sources of data necessitate expertise and collabora-
tion between researchers. Ensuring that experts from diverse
fields are involved in the analysis and interpretation pro-
cesses enhances the accuracy and meaningfulness of the
conclusions drawn. Moreover, feasibility of the results also
relies on the ability to reproduce study’s findings. Providing

well-documented code, data, and methodologies allows for
independent validation and replication by other researchers.
Reproducibility promotes transparency and strengthens the
reliability of the study’s outcomes.

Research gap and future directions

There have been several proposed methods for the diagnosis
of depression and treatment. Most of the studies discussed
diagnosis techniques, including questionnaires conducted
during self-reporting. Many multimodal approaches are in
practice in extensions to this, but the outcome is poor. In con-
trast to time constraints and the effectiveness of diagnosis,
we need to consider more robust techniques and multimodal
approaches to help patients, doctors and society. In authors
address [28] the lack of information on patient history and
socioeconomic conditions of individual patients with differ-
ent geographical locations, there is a possibility that false
information is being provided by patients. Diversification
of seriocomically and geographical regions are necessary
inputs.Multimodal studieswhere biomarkers of patientswith
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EHR data alongside various other parameters could show
accurate and robust outcomes in the prediction of stages of
depression, the effect of treatment, and expected outcomes.
Most of the studies has discussed the techniques of diagnosis
which includes questionnaires that are conducted at the time
of self-reporting and in extension to this there have been
many multimodal approaches in practice, but the outcome
is poor. In contrast to time constraints and effectiveness of
diagnosis, we need to consider more robust techniques and
multimodal approaches that will help patients, doctors and
society.

Our survey discussed various studies conducted to under-
stand depression on patients’ overall quality of life. There
are many challenges and gaps that can be addressed for
future work starting by proposing a multimodal diagnostic
approach to handle depression diagnosis. At the same time,
we can think of designing new models for early diagnoses
that help to increase the efficacy of treatment. The future
prospects of depression research are filled with promise and
potential. Researchers are actively exploring various avenues
to deepen our understanding of depression and improve
treatment outcomes. One key area of focus is the devel-
opment of personalized medicine, where advancements in
genetics and molecular biology allow for tailored treatments
based on an individual’s unique genetic and biological mark-
ers. This approach holds the potential to enhance treatment
efficacy and minimize adverse effects. Additionally, the inte-
gration of AI and machine learning is revolutionizing the
field of mental health research. AI algorithms can analyze
large-scale data sets, including electronic health records,
genetic profiles, and patient-reported outcomes, to identify
patterns and predictors of depression. This enables the devel-
opment of more accurate diagnostic tools and predictive
models, which can assist healthcare professionals in mak-
ing informed treatment decisions. Another emerging frontier
is the exploration of novel therapeutic approaches beyond
traditional medications and psychotherapy. Researchers are
investigating alternative treatments such as transcranial mag-
netic stimulation (TMS), deep brain stimulation (DBS), and
psychedelic-assisted therapies, which have shown promising
results in treating depression. These innovative approaches
offer new avenues for patients who have not responded well
to conventional treatments. Moreover, the growing recog-
nition of the mind–body connection has led to increased
research on lifestyle interventions and holistic approaches.
Techniques like mindfulness meditation, exercise, yoga, and
nutritional interventions are being studied for their potential
benefits in managing depression symptoms and improving
overall well-being. Collaborative efforts between different
scientific disciplines, including neuroscience, psychology,
genetics, pharmacology, and technology, are further fueling
advancements in depression research. This interdisciplinary

approach fosters a comprehensive understanding of the com-
plex mechanisms underlying depression and opens doors to
innovative treatment strategies. Overall, the future of depres-
sion research is bright. As scientific knowledge expands and
technology continues to advance, we can expect to see break-
throughs in personalized medicine, AI-driven diagnostics,
novel therapeutics, and holistic approaches. These advance-
ments hold the potential to transform the field, improve
patient outcomes, and bring new hope to individuals living
with depression.

Conclusion

This study highlights the relationship, classification, identi-
fication, recognition, effect, detection, and treatment aspects
such as traditional to emerging technologies related to
depression. It has also provided the research gaps and future
directions for the readers to work on depression in any of the
research interests like using AI in medical. Further investiga-
tion can be done to provide necessary details in a single study
related to other psycho-neurological human behaviors such
as anxiety and stress. Consequently, vigorous methodology,
pharmacological good manufacturing practice and the use of
bioengineering to certify bioequivalence of product, smart
health, and bigger application of genetic knowledge, is still
required to endorse assurance in this area. This manuscript
has unrevealed the limitations of existing treatments and
approaches. It has also provided the detailing of challenges
faced in rehabilitation and treatment of Depression. Enlight-
ening the aspects of AI that can be used in better diagnosis
and treatment of depression this write-up has summarized
all major tools and machine learning methods. Using the
present techniques and suggested future advancements of AI
can further be improved and studied in the healthcare sector
especially in case of depression.
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89. Cvetković J (2017) Breast cancer patients’ depression prediction
bymachine learning approach. Cancer Invest 35:569–572. https://
doi.org/10.1080/07357907.2017.1363892

90. Mehltretter J, Rollins C, BenrimohD, Fratila R, Perlman K, Israel
S, Miresco M, Wakid M, Turecki G (2020) Analysis of features
selected by a deep learning model for differential treatment selec-
tion in depression. Front Artif Intell. https://doi.org/10.3389/frai.
2019.00031

91. Lin E, Kuo PH, Liu YL, Yu YWY, Yang AC, Tsai SJ (2018)
A deep learning approach for predicting antidepressant response
in major depression using clinical and genetic biomarkers. Front
Psychiatry. https://doi.org/10.3389/fpsyt.2018.00290

92. Jawad K, Mahto R, Das A, Ahmed SU, Aziz RM, Kumar P
(2023) Novel cuckoo search-based metaheuristic approach for
deep learning prediction of depression. Appl Sci 13:5322. https://
doi.org/10.3390/app13095322

93. Black CN, Bot M, Scheffer PG, Cuijpers P, Penninx BWJH
(2015) Is depression associated with increased oxidative stress? A
systematic review and meta-analysis. Psychoneuroendocrinology
51:164–175. https://doi.org/10.1016/j.psyneuen.2014.09.025

94. Uliaszek AA, Zinbarg RE, Mineka S, Craske MG, Sutton JM,
Griffith JW, Rose R, Waters A, Hammen C (2010) The role of
neuroticism and extraversion in the stress-anxiety and stress-
depression relationships. Anxiety Stress Coping 23:363–381.
https://doi.org/10.1080/10615800903377264

95. Basavanthappa B (2011) Essentials of mental health nursing.
https://doi.org/10.5005/jp/books/11321

96. Jacobson NS, Dobson KS, Truax PA, Addis ME, Koerner K,
Gollan JK, Gortner E, Prince SE (1996) A component analy-
sis of cognitive—behavioral treatment for depression. J Consult
ClinPsychol 64:295–304. https://doi.org/10.1037/0022-006X.64.
2.295

97. Salustri C, Squitti R, Zappasodi F, Ventriglia M, Bevacqua
MG, Fontana M, Tecchio F (2010) Oxidative stress and brain
glutamate-mediated excitability in depressed patients. J Affect
Disord 127:321–325. https://doi.org/10.1016/j.jad.2010.05.012

98. Cho Y, Lee JK, Kim DH, Park JH, Choi M, Kim HJ, Nam MJ,
Lee KU, Han K, Park YG (2019) Factors associated with quality
of life in patients with depression: a nationwide population-based
study. PLoS ONE 14:e0219455. https://doi.org/10.1371/journal.
pone.0219455

99. Yang L, Zhao Y, Wang Y, Liu L, Zhang X, Li B, Cui
R (2015) The effects of psychological stress on depres-
sion. Curr Neuropharmacol 13:494–504. https://doi.org/10.2174/
1570159x1304150831150507

100. Wirtz PH, vonKänelR (2017) Psychological stress, inflammation,
and coronary heart disease. Curr Cardiol Rep 19:111. https://doi.
org/10.1007/s11886-017-0919-x

123

https://doi.org/10.1016/j.jad.2019.09.030
https://doi.org/10.1177/0004867419888027
https://doi.org/10.1109/JBHI.2019.2913590
https://doi.org/10.2196/14149
https://doi.org/10.1371/journal.pone.0222665
https://doi.org/10.1016/j.pscychresns.2019.06.001
https://doi.org/10.1016/j.artmed.2019.07.004
https://doi.org/10.1111/exsy.12409
https://doi.org/10.2196/13809
https://doi.org/10.1016/j.jad.2019.03.077
https://doi.org/10.1109/JBHI.2018.2856535
https://doi.org/10.1038/s41398-018-0289-1
https://doi.org/10.2196/10754
https://doi.org/10.1016/j.jagp.2018.01.001
https://doi.org/10.4088/JCP.16m11385
https://doi.org/10.1002/brb3.633
https://doi.org/10.1016/j.eurpsy.2016.06.003
https://doi.org/10.1080/07357907.2017.1363892
https://doi.org/10.3389/frai.2019.00031
https://doi.org/10.3389/fpsyt.2018.00290
https://doi.org/10.3390/app13095322
https://doi.org/10.1016/j.psyneuen.2014.09.025
https://doi.org/10.1080/10615800903377264
https://doi.org/10.5005/jp/books/11321
https://doi.org/10.1037/0022-006X.64.2.295
https://doi.org/10.1016/j.jad.2010.05.012
https://doi.org/10.1371/journal.pone.0219455
https://doi.org/10.2174/1570159x1304150831150507
https://doi.org/10.1007/s11886-017-0919-x


Complex & Intelligent Systems (2024) 10:5883–5915 5911

101. Hamon M, Blier P (2013) Monoamine neurocircuitry in
depression and strategies for new treatments. Prog Neuro-
Psychopharmacol Biol Psychiatry 45:54–63. https://doi.org/10.
1016/j.pnpbp.2013.04.009

102. Maletic V, Eramo A, Gwin K, Offord SJ, Duffy RA (2017)
The role of norepinephrine and its α-adrenergic receptors in the
pathophysiology and treatment of major depressive disorder and
schizophrenia: a systematic review. Front Psychiatry. https://doi.
org/10.3389/fpsyt.2017.00042

103. Gold PW, Wong ML (2021) Re-assessing the catecholamine
hypothesis of depression: the case of melancholic depression.
Mol Psychiatry 26:6121–6124. https://doi.org/10.1038/s41380-
021-01133-x

104. Peacock BN, Scheiderer DJ, Kellermann GH (2017) Biomolecu-
lar aspects of depression: a retrospective analysis. Compr Psy-
chiatry 73:168–180. https://doi.org/10.1016/j.comppsych.2016.
11.002

105. Hernández-Hernández OT, Martínez-Mota L, Herrera-Pérez JJ,
Jiménez-Rubio G (2018) Role of estradiol in the expression of
genes involved in serotonin neurotransmission: implications for
female depression. Curr Neuropharmacol 17:459–471. https://
doi.org/10.2174/1570159x16666180628165107

106. LabontéB, EngmannO, Purushothaman I,MenardC,Wang J, Tan
C, Scarpa JR, Moy G, Loh YHE, Cahill M, Lorsch ZS, Hamil-
ton PJ, Calipari ES, Hodes GE, Issler O, Kronman H, Pfau M,
Obradovic ALJ, Dong Y, Neve RL, Russo S, Kazarskis A, Tam-
minga C, Mechawar N, Turecki G, Zhang B, Shen L, Nestler EJ
(2017) Sex-specific transcriptional signatures in human depres-
sion. Nat Med 23:1102–1111. https://doi.org/10.1038/nm.4386

107. Weng TT, Hao JH, Qian QW, Cao H, Fu JL, Sun Y, Huang L,
Tao FB (2012) Is there any relationship between dietary patterns
and depression and anxiety in Chinese adolescents? Public Health
Nutr 15:673–682. https://doi.org/10.1017/S1368980011003077

108. Finger BC, Dinan TG, Cryan JF (2011) High-fat diet selec-
tively protects against the effects of chronic social stress in
the mouse. Neuroscience 192:351–360. https://doi.org/10.1016/
j.neuroscience.2011.06.072

109. Werner A (2004) Psychodynamic treatment of depression. Am J
Psychiatry 161:2146–2146. https://doi.org/10.1176/appi.ajp.161.
11.2146

110. Kim KH (2021) Level of troponin release can aid in early exclu-
sion of stress-induced (Takotsubo) cardiomyopathy. J Cardiovasc
Imaging 29:234–235. https://doi.org/10.4250/jcvi.2021.0076

111. MohrDC,TomasinoKN,Lattie EG, PalacHL,KwasnyMJ,Wein-
gardt K, Karr CJ, Kaiser SM, RossomRC, Bardsley LR, Caccamo
L, Stiles-Shields C, Schueller SM (2017) Intellicare: an eclectic,
skills-based app suite for the treatment of depression and anxiety.
J Med Internet Res. https://doi.org/10.2196/jmir.6645

112. Robinson SD, Lee TW, Christie DL, Birch NP (2015) Tissue plas-
minogen activator inhibits NMDA-receptor-mediated increases in
calcium levels in cultured hippocampal neurons. Front Cell Neu-
rosci. https://doi.org/10.3389/fncel.2015.00404

113. Cowen PJ (2010) Not fade away: the HPA axis and
depression. Psychol Med 40:1–4. https://doi.org/10.1017/
S0033291709005558

114. Wallace CJK, Foster JA, Soares CN,Milev RV (2020) The effects
of probiotics on symptoms of depression: protocol for a double-
blind randomized placebo-controlled trial. Neuropsychobiology
79:108–116. https://doi.org/10.1159/000496406

115. McEwen BS (1999) Stress and hippocampal plasticity. Annu Rev
Neurosci 22:105–122. https://doi.org/10.1146/annurev.neuro.22.
1.105

116. Bremner JD, Narayan M, Anderson ER, Staib LH, Miller HL,
Charney DS (2000) Hippocampal volume reduction in major
depression. Am J Psychiatry 157:115–117. https://doi.org/10.
1176/ajp.157.1.115

117. BitskoRH,Holbrook JR,GhandourRM,Blumberg SJ,Visser SN,
Perou R, Walkup JT (2018) Epidemiology and impact of health
care provider-diagnosed anxiety and depression among US chil-
dren. J Dev Behav Pediatr 39:395–403. https://doi.org/10.1097/
DBP.0000000000000571

118. Schmidt PJ (2005) Depression, the perimenopause, and estro-
gen therap. Ann N Y Acad Sci. https://doi.org/10.1196/annals.
1347.003

119. Sramek JJ, Cutler NR (2011) The impact of gender on antide-
pressants. Curr Top Behav Neurosci 8:231–249. https://doi.org/
10.1007/7854_2010_118

120. Emeny RT, Bidlingmaier M, Lacruz ME, Linkohr B, Peters A,
Reincke M, Ladwig KH (2014) Mind over hormones: sex dif-
ferences in associations of well-being with IGF-I, IGFBP-3 and
physical activity in theKORA-Age study.ExpGerontol 59:58–64.
https://doi.org/10.1016/j.exger.2014.08.001

121. Thase ME, Trivedi MH, Rush AJ (1995) MAOIs in the con-
temporary treatment of depression. Neuropsychopharmacology
12:185–219. https://doi.org/10.1016/0893-133X(94)00058-8

122. Penninx BWJH, Geerlings SW, Deeg DJH, Van Eijk JTM, Van
Tilburg W, Beekman ATF (1999) Minor and major depression
and the risk of death in older persons. Arch Gen Psychiatry
56:889–895. https://doi.org/10.1001/archpsyc.56.10.889

123. Ramaker RC, Bowling KM, Lasseigne BN, Hagenauer MH,
Hardigan AA, Davis NS, Gertz J, Cartagena PM, Walsh DM,
Vawter MP, Schatzberg AF, Barchas JD, Watson SJ, Bunney
BG, Akil H, Bunney WE, Li JZ, Cooper SJ, Myers RM (2017)
Post-mortem molecular profiling of three psychiatric disorders.
Genome Med 9:72. https://doi.org/10.1186/s13073-017-0458-5

124. Abraham J,Mudd JO,KapurN,KleinK,ChampionHC,Wittstein
IS (2009) Stress cardiomyopathy after intravenous administration
of catecholamines and beta-receptor agonists. J Am Coll Cardiol
53:1320–1325. https://doi.org/10.1016/j.jacc.2009.02.020

125. StefanatouA,Kouris N, Lekakis J (2010) Treatment of depression
in elderly patients with cardiovascular disease: research data and
future prospects. Hellenic J Cardiol 51:142–152

126. Morava E, Gardeitchik T, Kozicz T, de Boer L, Koene S, de
Vries MC, McFarland R, Roobol T, Rodenburg RJT, Verhaak
CM (2010) Depressive behaviour in children diagnosed with a
mitochondrial disorder. Mitochondrion 10:528–533. https://doi.
org/10.1016/j.mito.2010.05.011

127. Gardner A, Johansson A, Wibom R, Nennesmo I, Von Döbeln U,
Hagenfeldt L, Hällström T (2003) Alterations of mitochondrial
function and correlations with personality traits in selected major
depressive disorder patients. J Affect Disord 76:55–68. https://
doi.org/10.1016/S0165-0327(02)00067-8

128. Bansal Y, Kuhad A (2016) Mitochondrial Dysfunction in Depres-
sion. Curr Neuropharmacol 14:610–618. https://doi.org/10.2174/
1570159x14666160229114755

129. Zhang D, Wen X, Wang X, Shi M, Zhao Y (2009) Antide-
pressant effect of Shudihuang on mice exposed to unpredictable
chronic mild stress. J Ethnopharmacol 123:55–60. https://doi.org/
10.1016/j.jep.2009.02.029

130. Bagdy G, Juhasz G, Gonda X (2012) A depresszió új,
bizonyítékokon alapuló gén-környezet interakciósmodellje. Neu-
ropsychopharmacol Hungarica 14:213–220. https://doi.org/10.
5706/nph201212001

131. Pawlak R, Rao BSS, Melchor JP, Chattarji S, McEwen B, Strick-
land S (2005) Tissue plasminogen activator and plasminogen
mediate stress-induced decline of neuronal and cognitive func-
tions in the mouse hippocampus. Proc Natl Acad Sci USA
102:18201–18206. https://doi.org/10.1073/pnas.0509232102

132. Ryder AL, Cohen BE (2021) Evidence for depression and anx-
iety as risk factors for heart disease and stroke: implications
for primary care. Fam Pract 38:365–367. https://doi.org/10.1093/
fampra/cmab031

123

https://doi.org/10.1016/j.pnpbp.2013.04.009
https://doi.org/10.3389/fpsyt.2017.00042
https://doi.org/10.1038/s41380-021-01133-x
https://doi.org/10.1016/j.comppsych.2016.11.002
https://doi.org/10.2174/1570159x16666180628165107
https://doi.org/10.1038/nm.4386
https://doi.org/10.1017/S1368980011003077
https://doi.org/10.1016/j.neuroscience.2011.06.072
https://doi.org/10.1176/appi.ajp.161.11.2146
https://doi.org/10.4250/jcvi.2021.0076
https://doi.org/10.2196/jmir.6645
https://doi.org/10.3389/fncel.2015.00404
https://doi.org/10.1017/S0033291709005558
https://doi.org/10.1159/000496406
https://doi.org/10.1146/annurev.neuro.22.1.105
https://doi.org/10.1176/ajp.157.1.115
https://doi.org/10.1097/DBP.0000000000000571
https://doi.org/10.1196/annals.1347.003
https://doi.org/10.1007/7854_2010_118
https://doi.org/10.1016/j.exger.2014.08.001
https://doi.org/10.1016/0893-133X(94)00058-8
https://doi.org/10.1001/archpsyc.56.10.889
https://doi.org/10.1186/s13073-017-0458-5
https://doi.org/10.1016/j.jacc.2009.02.020
https://doi.org/10.1016/j.mito.2010.05.011
https://doi.org/10.1016/S0165-0327(02)00067-8
https://doi.org/10.2174/1570159x14666160229114755
https://doi.org/10.1016/j.jep.2009.02.029
https://doi.org/10.5706/nph201212001
https://doi.org/10.1073/pnas.0509232102
https://doi.org/10.1093/fampra/cmab031


5912 Complex & Intelligent Systems (2024) 10:5883–5915

133. Dunn AL, Trivedi MH, Kampert JB, Clark CG, Chambliss HO
(2005) Exercise treatment for depression: efficacy and dose
response. Am J Prev Med 28:1–8. https://doi.org/10.1016/j.
amepre.2004.09.003

134. Maes M (2001) Psychological stress and the inflammatory
response system. Clin Sci 101:193–194. https://doi.org/10.1042/
CS20010157

135. Cuijpers P, Quero S, Dowrick C, Arroll B (2019) Psychological
treatment of depression in primary care: recent developments.
Curr PsychiatryRep 21:129. https://doi.org/10.1007/s11920-019-
1117-x

136. Schuch FB, Vancampfort D, Richards J, Rosenbaum S, Ward PB,
Stubbs B (2016) Exercise as a treatment for depression: a meta-
analysis adjusting for publication bias. J Psychiatr Res 77:42–51.
https://doi.org/10.1016/j.jpsychires.2016.02.023

137. Kiecolt-Glaser JK, Belury MA, Andridge R, Malarkey WB,
Glaser R (2011) Omega-3 supplementation lowers inflammation
and anxiety in medical students: a randomized controlled trial.
Brain Behav Immun 25:1725–1734. https://doi.org/10.1016/j.bbi.
2011.07.229

138. Hill MF, Singal PK (1996) Antioxidant and oxidative stress
changes during heart failure subsequent to myocardial infarction
in rats. Am J Pathol 148:291–300

139. Cheng S, Zhu Z, Li H, Wang W, Jiang Z, Pan F, Liu D, Ho RCM,
Ho CSH (2023) Rifaximin ameliorates depression-like behaviour
in chronic unpredictable mild stress rats by regulating intestinal
microbiota andhippocampal tryptophanmetabolism. JAffectDis-
ord. https://doi.org/10.1016/j.jad.2023.02.086

140. O’Neill M (2001) Role of 5-HT1A and 5-HT1B receptors in
the mediation of behavior in the forced swim test in mice.
Neuropsychopharmacology 24:391–398. https://doi.org/10.1016/
S0893-133X(00)00196-2

141. Giannakakis A, Zhang J, Jenjaroenpun P, Nama S, Zainolabidin
N, Aau MY, Yarmishyn AA, Vaz C, Ivshina AV, Grinchuk OV,
Voorhoeve M, Vardy LA, Sampath P, Kuznetsov VA, Kurochkin
IV, Guccione E (2015) Contrasting expression patterns of coding
and noncoding parts of the human genome upon oxidative stress.
Sci Rep. https://doi.org/10.1038/srep09737

142. John S (2020) Hormones and depression in women. Insights
Depress Anxiety 4:064–065. https://doi.org/10.29328/journal.
ida.1001022

143. Kvam S, Kleppe CL, Nordhus IH, Hovland A (2016) Exercise
as a treatment for depression: a meta-analysis. J Affect Disord
202:67–86. https://doi.org/10.1016/j.jad.2016.03.063

144. Danner M, Kasl SV, Abramson JL, Vaccarino V (2003) Asso-
ciation between depression and elevated C-reactive protein.
Psychosom Med 65:347–356. https://doi.org/10.1097/01.PSY.
0000041542.29808.01

145. Wu PL, Lee M, Huang TT (2017) Effectiveness of physical
activity on patients with depression and Parkinson’s disease: a
systematic review. PLoS ONE 12:1–14. https://doi.org/10.1371/
journal.pone.0181515

146. Imboden C, Gerber M, Beck J, Eckert A, Pühse U, Holsboer-
Trachsler E, Hatzinger M (2019) Effects of aerobic exercise
as add-on treatment for inpatients with moderate to severe
depression on depression severity, sleep, cognition, psychological
well-being, and biomarkers: study protocol, description of study
population, andmanipulation check. Front Psychiatry. https://doi.
org/10.3389/fpsyt.2019.00262

147. Mao X, Terpolilli NA, Wehn A, Cheng S, Hellal F, Liu B, Seker
B, Plesnila N (2020) Progressive histopathological damage occur-
ring up to one year after experimental traumatic brain injury is
associated with cognitive decline and depression-like behavior.
J Neurotrauma 37:1331–1341. https://doi.org/10.1089/neu.2019.
6510

148. Amr SS, Tbakhi A (2007) Ibn Sina (Avicenna): the prince of
physicians. Ann Saudi Med 27:134–135. https://doi.org/10.5144/
0256-4947.2007.134

149. SuomalainenK (2018) Sinä, konteksti ja monitulkintaisuus. Virit-
täjä. https://doi.org/10.23982/vir.63686
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177. CaputoL,ReguilonMD,Mińarro J, De FeoV,Rodriguez-AriasM
(2018) Lavandula angustifolia essential oil and linalool counter-
act social aversion induced by social defeat. Molecules 23:2694.
https://doi.org/10.3390/molecules23102694

178. Nikfarjam M, Rakhshan R, Ghaderi H (2017) Comparison
of effect of Lavandula officinalis and venlafaxine in treat-
ing depression: a double blind clinical trial. J Clin Diagn
Res 11:KC01–KC04. https://doi.org/10.7860/JCDR/2017/20657.
10233

179. Araj-Khodaei M, Noorbala AA, Yarani R, Emadi F, Emaratkar E,
Faghihzadeh S, Parsian Z, Alijaniha F, Kamalinejad M, Naseri M
(2020) A double-blind, randomized pilot study for comparison of

Melissa officinalis L. and Lavandula angustifolia Mill. and flu-
oxetine for the treatment of depression. BMC Complement Med
Ther 20:207. https://doi.org/10.1186/s12906-020-03003-5

180. Liu L, Liu C, Wang Y, Wang P, Li Y, Li B (2015)
Herbal medicine for anxiety, depression and insomnia.
Curr Neuropharmacol 13:481–493. https://doi.org/10.2174/
1570159x1304150831122734

181. Sudha K, Deepak G, Sushant K, Vipul P, Nilofer N, Kharade
M, Madhukar S (2011) Study of antidepressant like effect of
Coriandrum sativum and involvement of monoaminonergic and
gabanergic system. Int J Res Ayurveda Pharm 2:267–270. www.
ijrap.net

182. Sahoo S, Brijesh S (2020) Anxiolytic activity of Coriandrum
sativum seeds aqueous extract on chronic restraint stressed mice
and effect on brain neurotransmitters. J Funct Foods 68:103884.
https://doi.org/10.1016/j.jff.2020.103884

183. (2021) Evaluation of the antidepressant-like effect of the aqueous
extract of Prunus mahaleb L. seed kernels in mice. Univ Thi-Qar
J Sci. https://doi.org/10.32792/utq/utjsci/vol8/1/6

184. Fanaei H, Khayat S, Kasaeian A, Javadimehr M (2016) Effect
of curcumin on serum brain-derived neurotrophic factor levels
in women with premenstrual syndrome: a randomized, double-
blind, placebo-controlled trial. Neuropeptides 56:25–31. https://
doi.org/10.1016/j.npep.2015.11.003

185. WangY, Li J, Zhuge L, Su D, YangM, Tao S, Li J (2014) Compar-
ison between the efficacies of curcumin and puerarin in C57BL/6
mice with steatohepatitis induced by a methionine- and choline-
deficient diet. Exp Ther Med 7:663–668. https://doi.org/10.3892/
etm.2013.1461

186. Iqbal M, Sharma SD, Okazaki Y, Fujisawa M, Okada S (2003)
Dietary supplementation of curcumin enhances antioxidant and
phase II metabolizing enzymes in ddYmale mice: possible role in
protection against chemical carcinogenesis and toxicity. Pharma-
col Toxicol 92:33–38. https://doi.org/10.1034/j.1600-0773.2003.
920106.x

187. Khayat S, Fanaei H, Kheirkhah M, Moghadam ZB, Kasaeian
A, Javadimehr M (2015) Curcumin attenuates severity of pre-
menstrual syndrome symptoms: a randomized, double-blind,
placebo-controlled trial. Complement Ther Med 23:318–324.
https://doi.org/10.1016/j.ctim.2015.04.001

188. Jafari F, Tabarrai M, Abbassian A, Jafari F, Ayati MH (2021)
Effect of garlic (Allium sativum) supplementation onpremenstrual
disorders: a randomized, double-blind, placebo-controlled trial.
Evid Based Complement Altern Med 2021:1–9. https://doi.org/
10.1155/2021/9965064

189. Bhandare SS, Tembhurne SV (2014) Antidepressant effects of
dietary supplements Garlic and Black sesame extracts in ovariec-
tomized rats: involving possible estrogenic and antioxidant mech-
anism. Int J PharmTech Res 6:168–173

190. Rahmani G, Farajdokht F, Mohaddes G, Babri S, Ebrahimi V,
EbrahimiH (2020)Garlic (Allium sativum) improves anxiety- and
depressive-related behaviors and brain oxidative stress in diabetic
rats. Arch Physiol Biochem 126:95–100. https://doi.org/10.1080/
13813455.2018.1494746

191. Dhingra D, Goyal PK (2008) Evidences for the involvement of
monoaminergic and GABAergic systems in antidepressant-like
activity of Tinospora cordifolia in mice. Indian J Pharm Sci
70:761–767. https://doi.org/10.4103/0250-474X.49118

192. Carver CM,Chuang SH,ReddyDS (2016) Zinc selectively blocks
neurosteroid-sensitive extrasynaptic δGABAA receptors in the
hippocampus. J Neurosci 36:8070–8077. https://doi.org/10.1523/
JNEUROSCI.3393-15.2016

193. Heidari H, Amani R, Feizi A, Askari G, Kohan S, Tavasoli P
(2019) Vitamin D supplementation for premenstrual syndrome-
related inflammation and antioxidant markers in students with

123

https://doi.org/10.1186/s12906-015-0866-2
https://doi.org/10.1016/s0254-6272(13)60130-2
https://doi.org/10.1016/S0944-7113(00)80030-6
https://doi.org/10.1078/1433-187X-00305
https://doi.org/10.1177/1060028017696105
https://doi.org/10.1111/jan.12836
https://doi.org/10.17795/ajnpp-27189
https://doi.org/10.1016/j.pnpbp.2005.10.005
https://doi.org/10.1186/s12906-020-03084-2
https://doi.org/10.1515/jcim-2019-0077
https://doi.org/10.1016/S0278-5846(02)00342-1
https://doi.org/10.3390/molecules23102694
https://doi.org/10.7860/JCDR/2017/20657.10233
https://doi.org/10.1186/s12906-020-03003-5
https://doi.org/10.2174/1570159x1304150831122734
http://www.ijrap.net
https://doi.org/10.1016/j.jff.2020.103884
https://doi.org/10.32792/utq/utjsci/vol8/1/6
https://doi.org/10.1016/j.npep.2015.11.003
https://doi.org/10.3892/etm.2013.1461
https://doi.org/10.1034/j.1600-0773.2003.920106.x
https://doi.org/10.1016/j.ctim.2015.04.001
https://doi.org/10.1155/2021/9965064
https://doi.org/10.1080/13813455.2018.1494746
https://doi.org/10.4103/0250-474X.49118
https://doi.org/10.1523/JNEUROSCI.3393-15.2016


5914 Complex & Intelligent Systems (2024) 10:5883–5915

vitamin D deficient: a randomized clinical trial. Sci Rep 9:1–8.
https://doi.org/10.1038/s41598-019-51498-x

194. AtaollahiM, Ali Akbari SA,Mojab F,Majd HA (2015) The effect
of wheat germ extract on premenstrual syndrome symptoms. Iran
J Pharm Res 14:159–166

195. Ahmed M, Azmat A (2017) Decreased brain serotonin turnover
rate following administration of Sharbat-e-Ahmed Shah produces
antidepressant and anxiolytic effect in rats. Metab Brain Dis
32:1785–1790. https://doi.org/10.1007/s11011-017-0065-6

196. Thiem B, Kikowska M, Maliński MP, Kruszka D, Napierała
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