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ABSTRACT

AIMS: Cognitive biomarkers are indicative of the diagnosis or progression of cognitive disorders.
Military personnel can suffer from numerous behavioral disorders that affect their cognitive
processes. Therefore, the present study aimed to identify the most important effective biomarkers
and investigate therapeutic opportunities based on them in order to improve the psychological
disorders in question.

MATERIALS AND METHODS: In the present non-systematic review study, after identifying
keywords equivalent to psychological disorders such as post-traumatic stress disorder, major
depression, and chronic stress in MeSH among military personnel between 2000 and 2024, articles
related to biomarkers involved in the target psychological disorders and their corresponding drug
combinations were searched in Scopus, PubMed, Embase, ISI, and Google Scholar databases. Finally,
the obtained data were collected and interpreted.

FINDINGS: The dataindicated the presence of 56 cognitive biomarkers linked to the aforementioned
disorders. These biomarkers encompass a range of indicators such as those associated with the
hypothalamic-pituitary-adrenal (HPA) axis, steroid hormones, metabolic hormones, immune
system, proteomics factors, inflammation factors, serotonin receptors, growth factors, autonomic
nervous system, endocrine system, and antioxidants. These biomarkers are the focus of various
clinical studies as potential functional biological targets for pharmaceutical compound development.

CONCLUSION: Psychological disorders can have profound implications on the well-being of
military personnel and their effectiveness in carrying out duties, impacting both their own health
and that of others. Hence, precise screening and identification of diagnostic factors are crucial for
implementing appropriate treatment measures, particularly among military personnel.
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INTRODUCTION

Cognitive  impairment can manifest as
memory loss, executive dysfunction, and other
neuropsychological symptoms. Behavioral
changes such as irritability, restlessness, mood
disorders, aggression, and psychotic symptoms
such as delusions, hallucinations, and confusion
may also occur [1]. Mental health among military
personnel is considered one of the most important
approaches to maintaining the readiness and
capability of military forces. Epidemiological
studies show that about one-third of US military
personnel deployed to various operational
areas have experienced various psychological
disorders such as post-traumatic stress disorder
(PTSD), depression, and chronic stress [2]. These
three types of disorders are considered the
most common mental disorders among military
personnel [3] (Figure 1).
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Figure 1) The most common known mental disorders
among military personnel and their frequency [3]

According to meta-analyses conducted among
different populations and countries, individuals
with PTSD are 1.61 to 1.99 times more likely to
develop dementia than the general population.
Accordingly, PTSD seems to be a potential risk
factor for dementia in individuals [1]. Depression
can also predispose to a series of cognitive
impairments in affected patients who have
received less attention in the past. Therefore,
cognitive impairments associated with depression
were considered dementia-like. However, in
recent years, there has been an increasing interest
in studying this area. Because, in addition to
the high frequency of cognitive impairments
seen in the acute phase of depression, they are
considered residual symptoms (in addition to
emotional and psychological symptoms) in many
patients undergoing antidepressant treatment.
Cognitive symptoms seem to have a significant
impact not only on the functioning and quality of
life of patients but also on the risk of depression

recurrence [4]. Chronic stress, as another type of
mental disorder, may also affect several neural
pathways in different ways and at different times
and directly affect neural activity in the brain. So,
chronic stress has been introduced as a factor
involved in the development of some cognitive
disorders such as Alzheimer’s, mild cognitive
impairment, changes in circadian rhythm and
sleep disorders, depression, etc. [5].
Therefore, considering the importance of the issue
in terms of the need for therapeutic interventions,
effective and targeted identification or prevention
of cognitive disorders, studying the involved
biomarkers can be very important. Therefore,
in the present study, we decided to identify and
introduce cognitive biomarkers with an approach
to their military application.

MATERIALS & METHODS

In this non-systematic review, published articles
related to cognitive biomarkers involved in post-
traumatic stress disorder, major depressive
disorder, and chronic stress, as common
psychological disorders among military personnel,
were searched for in the Scopus, PubMed, Embase,
IS], and Google Scholar databases between 2000
and 2024. First, keywords equivalent to each
disorder in the MeSH, and NCBI databases were
identified, and then, in the advanced search
section of each database, articles that contained
the above keywords in their titles or abstracts
were searched. After identifying and receiving the
output file of related articles, the duplicate and
unrelated articles were examined and duplicate
articles were removed. Then, the remaining
articles were studied in full and the desired data
was extracted from them. After identifying the
biomarkers involved in the disorders of interest,
all of the above steps were repeated to find drug
compounds that matched the biomarkers involved
in the disorders mentioned.

Ethical Permissions: It is important to clarify
that this study was conducted without any human
or animal testing and in compliance with the
principles of research ethics.

Statistical Analysis: This article is a narrative
review of existing studies and does not involve the
.collection of new data or statistical analysis.

FINDINGS

After searching and screening, a final analysis
was conducted on 55 articles from more than 100
relevant articles. The findings of these studies,
which were conducted unsystematically, are
presented below.

Posttraumatic stress disorder (PTSD) and its
relationship with cognitive disorders. According
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to the results of the study shown in Figure 2, the
incidence of PTSD among military personnel was
estimated and predicted until 2025. Accordingly,
according to the empirical data presented in the
period from 2001 to 2014, it has been observed
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that there has been a significant increase in the
incidence of PTSD in military personnel, which
seems to continue with the increase in the number
of military personnel deployed in operational
areas in the following years.
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Figure 2) Prevalence of PTSD in the military and its projections to 2025. As the graph above shows, the number of new cases of PTSD
has decreased since 2013, mainly due to the decrease in the number of military personnel studied in operational areas in recent
years. However, three scenarios for the level of military activity in the future are considered, according to which the prevalence
of PTSD in them will be high, as the level of participation of military personnel in military operations increases. In addition to the
simulation outputs, according to the presented empirical data (2000-2014), it can be seen to what extent the simulated results fit the
historical data. Scenario 1: Deployment of at least 1% of military personnel in operational areas. Scenario 2: Deployment of at least
2% of military personnel in operational areas. Scenario 3: Deployment of at least 5% of military personnel in operational areas [7].

Diagnostic biomarkers of PTSD and their role
in the development of drug compounds. Based
on the research conducted, several biomarkers
related to PTSD symptoms and vulnerability have
been identified, some of which are discussed in
Table 1. Continuing research on the role of
biomarkers in PTSD risk and identifying the
neurobiological processes associated with it may
be crucial for the development of pharmacological
treatments. Therefore, Table 2 introduces them and
their respective mechanisms. Major depressive
disorder (MDD) and its association with cognitive
impairment. Depression is a common mental
health disorder that can affect both mental and
physical health. The main symptoms of depression
are loss of interest in usual life activities, insomnia,
inability to enjoy life, and even suicidal thoughts.
Today, depression is a common chronic disease in
most societies around the world that can disrupt
normal functioning, cause depressive thoughts,
and affect quality of life. In addition, patients
with major depressive disorder are at increased
risk of cardiovascular disease and receive poor
treatment and increased morbidity and mortality.
It is estimated that more than 300 million people
worldwide suffer from depression, which is listed
by the World Health Organization (WHO) as the
largest contributor to disability. Figure 3 shows

a schematic representation of the worldwide
prevalence rate of major depressive disorder in
2019.

Diagnostic biomarkers of MDD and their role in
the development of drug compounds. Table 3 lists
some of the known biomarkers involved in MDD.
The identification of these biomarkers has led to
the development of many effective drugs for the
treatment of depressive disorders, some of which
are described and introduced in Table 4.

Chronic stress and its relationship with cognitive
impairment. Chronic stress has long been studied
as an important factor in the development and
progression of various neurological diseases
such as depression, Alzheimer’s disease, and
Parkinson’s disease. Figure 4 summarizes the
effects of chronic stress on brain neurons.
Diagnostic biomarkers of chronic stress and its
role in the development of drug compounds.
The identification of relevant biomarkers should
be considered to achieve drug treatments.
Accordingly, in Table 5, some of the identified
biomarkers involved in chronic stress can be
seen. It is also important to identify therapeutic
agents through biological compounds. Table 6
lists some of the drug compounds that have been
developed through the identification of biological
mechanisms of this disorder.
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Table 1) Biological factors associated with PTSD [12]

Biomarkers Link to PTSD
HPA axis-related biomarkers
Glucocorticoid negative feedback Enhanced in PTSD.
Basal cortisol Enhanced in PTSD.

Acute post-traumatic cortisol

Lower levels increase risk of PTSD.

Pituitary adenylate cyclase-activating polypeptide (PACAP)

Elevated in women with PTSD.

Steroid hormone-related biomarkers

Estradiol

Lower levels increase risk of PTSD.

Allopregnanolone

Reduced in women with PTSD.

Dehydroepiandrosterone (DHEA)

Increased in PTSD. High levels increase risk of PTSD.

Testosterone Low levels increase risk of PTSD.
Metabolic hormone-related biomarkers
Neuropeptide Y (NPY) Reduced in PTSD.
Insulin Increased response to glucose in PTSD
Endocannabinoids Reduced in PTSD.
Immune-related biomarkers
Interleukin-6 (IL-6) Increased in PTSD.
Interleukin-p1 (IL-1f) Increased in PTSD.
Interleukin-2 (IL-2) Increased in PTSD.
C-reactive protein (CRP) Increased in PTSD.
Nuclear factor kB (NF-«B) Enhanced in PTSD.

Tumor necrosis factor o (TNF- o)

Enhanced in PTSD.

Immune cell sensitivity to glucocorticoids

Enhanced in PTSD.

Table 2) Introduction to some of the pharmaceutical compounds
used in the treatment of PTSD and their mechanism of action.

Drug Mechanism of action Uses source
Venlafaxine Serotonin-norepinephrine reuptake inhibitor Chronic PTSD [14]
(SNRI)
Duloxetine Serotonin-norepinephrine reuptake inhibitor Chronic PTSD, Mllltgry A_pphcatlons, Major [14]
(SNRI) Depressive Disorder
. . . Chronic PTSD, Posttraumatic Stress
Propranolol Norepinephrine b-receptor antagonist Disorder, Posttraumatic Stress in Children [14]
Prazocin Norepinephrine al-receptor antagonist Chronic PTSD and Military Applications [14]
Clonidine Norepinephrine a2-receptor agonist Chronic PTSD [14]
Ecstasy SHT receptor-active, dopamine and . Reci
(3,4-methylenedioxymethamphetamine) norepinephrine reuptake inhibitor Chronicand Treatment-Resistant PTSD (14
Bupropion Dopamine and norepinephrine reuptake inhibitor Chronic PTSD [14]
Serotonin norepinephrine reuptake inhibitor/ . . -
Nefazodone HT2A receptor antagonist Chronic PTSD and Military Applications [14]
Buspirone Serotonin 5HT1A partial agonist Chronic PTSD [14]
Chronic PTSD and Military Applications,
Risperidone Dopamine D2D and 5HT2A receptor antagonist ~ SSRI-Resistant PTSD and PTSD in Women [14]
and Children
- Combined dopamine, 5HT, norepinephrine and . . N
Quetiapine histamine H1 receptor antagonist Chronic PTSD and Military Applications [14]
Mirtazapine 5HT, alpha-adrenergic and k}lstamlne H1 receptor Chronic PTSD [14]
antagonist
_ . Tricyclic antidepressant (TCA) and serotonin and . - N
Amitriptyline serotonin reuptake inhibitor Norepinephrine Chronic PTSD and Military Applications [14]
Imipramine Tricyclic antidepressant (TCA) Chronic PTSD and Military Applications [14]
) Combined antagonist of dopamine, SHT, Chronic Psychotic PTSD and Military
Elanzapine norepinephrine and histamine H1 receptor - [14]
‘ Applications
antagonist
Aripiprazole Partial agonist of dopamine D2 receptor, partial Chronic PTSD and Military Applications [14]
pp agonist of SHT and 5HT1A, SHT2A antagonist Ty App
Morphine W receptor agonist (narcotic) Acute Trauma and Military Applications [14]
Nalmefene Opioid receptor antagonist Chronic PTSD [14]
Naltrexone Opioid receptor antagonist Chronic PTSD [14]
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Drug Mechanism of action Uses source
D-cycloserine Partial agonist of NMDA receptf)r.(dfzveloped asa Chronic PTSD [14]
broad-spectrum antibiotic)
. . Acute Post Traumatic Stress Syndrome,
Ketamine NMDA receptor antagonist Acute Trauma and Military Applications [14,15]
Trauma-Exposed Individuals, Veterans with
Hydrocortisone Glucocorticoid receptor agonist or without PTSD, Chronic PTSD, Military [14]
Applications, Cardiac Surgery Patients
Topiramate Multiple effects Chronic PTSD and Military Applications [14]
Lamotrigine Sodium channel blocker Chronic PTSD [14]
Tiagabine GABA uptake inhibitor Chronic PTSD [14]
Divalproex GABA uptake enhancer Chronic PTSD and Military Applications [14]
Binding to the a2d region of the calcium
Gabapentin channel and inhibiting the release of excitatory PTSD [14]
neurotransmitters
Levetiracetam Mechanism unknown Chronic PTSD [14]
Zopiclone Binding to the BZD region of the GABAA receptor Chronic PTSD and P.T.SD in Individuals [14]
Recently Surviving Trauma
Alprazolam Binding to the BZD region of the GABAA receptor ~ Chronic PTSD and Military Applications [14]
Clonazepam Binding to the BZD region of the receptor GABAA Acute Trauma [14]
Temazepam Binding to the BZD region of the GABAA receptor Chronic PTSD [14]
GR205171 Neurokinin-1 (NK1) receptor antagonist PTSD [14]
SB334867 Selective orexin-1 receptor (OX1R) antagonist PTSD [16]
EMPA Selective orexin-2 receptor (OX2R) antagonist Chronic PTSD [16]
Clonidine Alpha-adrenergic receptor type 2 agonist Chronic PTSD [17]
Guanfacine Alpha-adrenergic receptor type 2 agonist Chronic PTSD [17]
Prazocin Alpha-adrenergic receptor type 2 antagonist Acute Trauma and Military Applications [17]
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Figure 3) Prevalence of major depressive disorder worldwide in 2019 [20]
Table 3) Biomarkers associated with MDD
Biomarkers Relationship with MDD Source
Proteomic biomarkers
N-acetyl aspartate levels are increased in MDD [25]
Glutamic acid levels are decreased in MDD [25]
Gamma-aminobutyric acid (GABA) levels are decreased in MDD [25]
Aspartic acid levels are decreased in MDD [25]
Glycine levels are increased in MDD [25]
Serine levels are increased in MDD [25]
Inflammatory biomarkers
FAT19A5 levels are increased in MDD [25]
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Biomarkers Relationship with MDD Source
IL-8 levels are increased in MDD [25]
TNF- a levels are increased in MDD [25]
(Serotonin (5-HT)-related G protein-coupled receptors (GPCRs
5-HT1A Activating it improves symptoms [26]
5-HT1B Activating it improves symptoms [26]
5-HT1D Inhibiting it improves symptoms [26]
5-HT13 Inhibiting it improves symptoms [26]
5-HT17 Inhibiting it improves symptoms [26]
Serotonin transporter (SERT) Inhibiting it improves symptoms [26]
Growth factors
Brain-derived neurotrophic factor . .
(BDNF) Its levels are increased in MDD [27]
Vascular endothelial growth factor Its expression is not regulated in MDD [28]
(VEGF)
Inducible nerve growth factor VGF Its levels are decreased in MDD [29]
Fibroblast growth factor 21 (FGF21) Its levels are increased in MDD [30]
Table 4) Introduction to some of the pharmaceutical compounds
used in the treatment of MDD and their mechanism of action
Drug Name Mechanism of action Uses Source
Sertaline Selective serotonin reuptake 1I'l-hlblt0rS, NMDA receptor MDD, Generalized Anxiety [32]
antagonist
Paroxetine Selective serotonin reuptake 11-1h1b1t0r, NMDA receptor MDD, Generalized Anxiety [33]
antagonist
Venlafaxine Selective serotonin reuptake 1r_1h1b1tor, NMDA receptor MDD, Generalized Anxiety [33]
antagonist
Ketamine NMDA receptor antagonist MDD [34]
Fluoxetine Selective serotonin reuptake inhibitor MDD, Obsesswe-ComPulswe Disorder, and Panic [35]
Disorder
Fluvoxamine Selective serotonin reuptake inhibitor MDD and Obsessive-Compulsive Disorder [35]
Citalopram Selective serotonin reuptake inhibitor MDD and Obsessive-Compulsive Disorder [35]
Escitalopram Selective serotonin reuptake inhibitor MDD [35]
. . . e MDD, Generalized Anxiety Disorder, Panic Disor-
Venlafaxine Selective serotonin reuptake inhibitor der, Seasonal Affective Disorder [35]
Duloxetine Selective serotonin reuptake inhibitor MDD and Generalized Anxiety Disorder [35]
Desonlafaxine Selective serotonin reuptake inhibitor MDD [35]
Bupropion Selective serotonin reuptake inhibitor MDD and Seasonal Affective Disorder [35]
Mirtazapine Selective serotonin reuptake inhibitor MDD [35]
Milnacipran Selective serotonin reuptake inhibitor MDD [36]
. . Serotonin transporter (SERT) and norepinephrine transport-
Imipramine er (NET) inhibition MDD [36]
. . Serotonin transporter (SERT) and norepinephrine transport-
Clomipramine er (NET) inhibition MDD [36]
T Serotonin transporter (SERT) and norepinephrine transport-
Amitriptyline er (NET) inhibition MDD [36]
. Serotonin transporter (SERT) and norepinephrine transport-
Isocarboxazid er (NET) inhibition MDD [36]
. Serotonin transporter (SERT) and norepinephrine transport-
Moclobemide er (NET) inhibition MDD [36]
Toloxatone Inhibitor Monoamine oxidase (MAOI) MDD [36]
Norbinaltorphimine Monoamine oxidase inhibitor (MAOI) MDD [36]
GNTI Monoamine oxidase inhibitor (MAOI) MDD [36]
Buprenorphine Kappa opioid receptor antagonist (KOR) MDD [36]
ALKS 5461 Kappa opioid receptor antagonist MDD [36]
JDTic Kappa opioid receptor antagonist MDD [36]
CERC-501 Kappa opioid receptor antagonist MDD [36]
PF-04455242 Kappa opioid receptor antagonist MDD [36]
AZ-MTAB Kappa opioid receptor antagonist MDD [36]
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Figure 4) Schematic representation summarizing the effects of chronic stress on brain neurons [42]

Table 5) Biomarkers of chronic stress

Biomarkers Link to chronic stress source

Biomarkers related to the HPA axis
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Corticotropin-releasing hormone (CRH) Its levels are increased in chronic stress [37]
Adrenocorticotropic hormone (ACTH) Its levels are increased in chronic stress [37]
Adrenal glucocorticoid hormone Its levels are increased in chronic stress [37]
Cortisol Its levels are increased in chronic stress [37]
Mineralocorticoid receptors (MRs) Its expression is increased in chronic stress [37]
Glucocorticoid receptors (GRs) Its expression is increased in chronic stress [37]
Brain-derived neurotrophic factor (BDNF) Its levels are decreased in chronic stress [44]
Biomarkers of the autonomic nervous system (ANS)
Epinephrine Its levels are increased in chronic stress [44]
Norepinephrine Its levels are increased in chronic stress [44]
Endocrine biomarkers Endocrine biomarkers
Epinephrine Its levels are increased in chronic stress [44]
Norepinephrine Its levels are increased in chronic stress [44]
Epinephrine It is decreased in some affected patients and increased in others [44]
Antioxidant biomarkers
Superoxide dismutase (SOD) In chronic stress, its levels are increased [44]
Malondialdehyde (MDA) In chronic stress, its levels are increased [44]
Immunity-related biomarkers
Interleukin-4 (IL-4) In chronic stress, its levels are reduced [44]
Interleukin-B1 (IL-18) Its expression is increased, causing increased expression of norepinephrine [37]
Interleukin-6 (IL-6) Its expression is increased by increased norepinephrine [37]
Interleukin-1 (IL-1) Its expression is increased by increased norepinephrine [37]
TNF- « Its expression is increased by increased norepinephrine [37]
Table 6) Introduction to some pharmaceutical compounds used
in the treatment of chronic stress and their mechanism of action.

Drug Name Mechanism of action Uses source
Ketamine NMDA receptor antagonist Acute and chronic stress [46]
Ciproxifan Histamine h3 receptor antagonist Chronic stress [47]
Nelivaptan (SSR149415) Vasopressin V1b receptor antagonist Mild chronic stress [48]
Antalarmin Corticotropin-releasing hormone receptor-1 (CRHR1) antagonist Chronic stress [49]
Crinecerfont (SSR125543) Corticotropin-releasing hormone receptor-1 antagonist Chronic stress [50]
BBG P2X7 receptor antagonist Chronic stress [51]
A-804598 P2X7 receptor antagonist Chronic stress [51]
Fluoxetine Neurokinin-1 (NK1) receptor antagonist Chronic stress [52]
SLV-323 Neurokinin-1 (NK1) receptor antagonist Chronic stress [52]
Fluvoxamine Selective serotonin reuptake inhibitor Chronic stress [45]
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DISCUSSION

Posttraumatic stress disorder (PTSD) is a major
mental health disorder that is becoming a serious
public health challenge. While attention to PTSD
has increased in studies, there is still uncertainty
about the prevalence of PTSD. This is because
the performance of screening methods and
the accuracy of diagnosis are questionable. For
example, screening methods mainly involve self-
report surveys that can be subject to error or are
largely underreported due to concerns aboutsocial
stigma [6]. Although most cases of PTSD are caused
by non-combat trauma, the lifetime prevalence of
the disorder is higher in those exposed to combat.
In the military context, it is estimated that 11-20%
of military personnel serving in operational areas
have diagnosed or undiagnosed PTSD [7]. PTSD
is an acute psychiatric disorder that increases
an individual’s vulnerability to adverse health
outcomes. One of the most prominent symptoms
of this disorder is memory-related symptoms
(such as memory bias, working memory deficits,
memory hypergeneralization, and false memory),
and focusing on reducing and eliminating these
symptoms can lead to better treatment responses
[8]. Insomnia is also considered another of its
most common symptoms, which significantly
affects the level of depression, alertness, mood,
sleepiness, and fatigue among individuals and
is associated with other behavioral problems
such as generalized anxiety disorder (GAD) with
deficits in concentration, attention, and memory.
PTSD is one of the most common disorders among
military personnel [9]. The co-occurrence of
insomnia, cognitive dysfunction, and psychiatric
disorders among military personnel suggests that
these conditions are likely related. In addition,
insomnia is a core feature and criterion of many
psychiatric disorders (such as major depression,
PTSD, and GAD), which are relatively common in
these individuals. Recently, studies have begun to
investigate the overlap of sleep and psychiatric
disorders in cognitive disorders. Accordingly,
observations have shown that there are significant
interactions between sleep quality and cognitive
performanceinindividuals withlowand highlevels
of depressive symptoms. So a direct relationship
hasbeen seen between poor sleep quality and poor
cognitive performance [9]. In general, insomnia
has been found in military personnel deployed in
military areas and operations and has been shown
to negatively affect alertness, mood, reasoning,
and decision-making, all of which are critical for
maintaining performance during combat missions
[10]. As data shows, 51% of human errors and
accidents committed by US Army soldiers that
have affected mission performance have been

attributed to the sleepiness of military personnel
[11]. While extensive studies have been conducted
to identify psychological, genomic, and biological
risk factors involved in developing PTSD, due to the
complexity of the disease due to its heterogeneity,
the identification of biomarkers associated with
it has not been well studied. PTSD is associated
with other neuropsychiatric disorders (e.g.,
major depression, substance and alcohol abuse,
panic disorder, suicide) and general medical
conditions (e.g., diabetes and cardiovascular
disease), which can complicate the search for
diagnostic biomarkers. However, a comprehensive
phenotype of PTSD-related factors may provide
a simple diagnostic model for its diagnosis in the
future [12]. Identification and classification of
biomarkers associated with PTSD can be important
from various perspectives. Because it can have
useful applications in clinical, forensic, improving
differential  diagnosis, treatment planning,
targeted prevention programs, advanced health
monitoring and screening of military personnel,
and innovation and development of therapeutic
methods [13]. Previous reviews have introduced
some of the medications used in PTSD that have
been effective in improving its general symptoms
as well as specific symptoms such as anxiety,
insomnia, and nightmares. These medications
affect various targets including monoamines
(norepinephrine, dopamine, and serotonin),
amino acids (GABA, glutamate), neurosteroids,
and neuropeptides [14].

Depression is currently one of the most important
global health problems, but its complex
pathogenesis is still not well understood, although
it is known that cultural, psychological, and
biological factors play a role in the development of
depression [18]. Major depressive disorder, a type
of depression, was ranked as the third leading
cause of disease burden worldwide in 2008 by the
WHO, which predicted that it would be the first
by 2030. The lifetime prevalence of the disorder
is estimated to be 5-17%, with a median of 12%.
People with MDD often have comorbid disorders
such as panic disorder, social anxiety disorder, and
obsessive-compulsive disorder. Major depressive
disorder is diagnosed primarily by clinical history
and mental status examination [19]. An increase
in the prevalence of major depressive disorder
was observed in 198 countries in 2017 compared
to 1990, with Qatar (557.68%), the United Arab
Emirates (509.94%), and Equatorial Guinea
(221.51%) showing the largest increases. In Iran,
the incidence of major depression was 5,075,200
cases in 2017, an increase of 109.08% compared
to 2,427,380 cases in 1990 [18-20]. Depression is
one of the most common disorders among military
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personnel, which is generally characterized by
distress, functional impairment, and economic
costs, which are associated with a decrease in
individuals’ participation in society and their
quality of life. In a study, it was observed that
the prevalence of MDD among Canadian military
personnel was higher than that of the general
population. So that this disorder ranked second in
terms of the prevalence of mental disorders among
military personnel after post-traumatic stress [21].
The results of epidemiological studies conducted
on the prevalence of MDD in the United States
military forces also indicated that its prevalence
in 2013 was 12% to 13% for personnel deployed
in military areas and 5.7% for personnel never
deployed. Information aboutthe specificsymptoms
of MDD in military personnel, compared with
civilians, would be useful for clinicians to improve
the diagnosis of MDD [22]. In general, cognitive
impairment refers to deficits in attention, verbal
and nonverbal learning, short-term and working
memory, visual and auditory processing, problem-
solving, processing speed, and motor function.
Cognitive impairment appears to be the primary
mediator of functional impairment in MDD [23].
Cognitive impairment is a core symptom of acute
major depressive disorder, which is associated
with a decrease in the ability to think, concentrate,
or make decisions. Other hallmark features of the
disorder that contribute to functional cognitive
impairment include apathy, fatigue, insomnia,
mood, executive function, learning, and memory
impairment. It is also clear that while cognitive
dysfunction in MDD may improve with treatment
and resolution of depressive symptoms, symptoms
of cognitive deficits can be detected even during
periods of remission. In a study of patients
with MDD for 3 years, complaints of cognitive
impairment were reported in 94% of patients
with acute depression. This rate remained in 44%
of cases despite complete or partial improvement
of symptoms during treatment. Also, cognitive
functions in tests of immediate memory, attention,
and processing speed in patients with MDD,
which measure recovery criteria, were reported
to be lower compared to healthy individuals.
Meta-analyses show that cognitive deficits in
executive function still exist in recovered patients,
which may be the main cause of psychosocial
impairment in affected individuals. In general,
cognitive impairment is common in recovered
patients with depression. Therefore, reducing
cognitive dysfunction in MDD patients, as the main
mediator of functional impairment, can improve
the functional outcomes of patients. Accordingly,
it is important to perform accurate and targeted
diagnostic measures to screen patients and assess

Alizadeh et al.

cognitive functions in them to improve the clinical
outcomes of patients [24]. On the other hand,
major depressive disorder is known as one of
the most common and recurrent mental illnesses
that people suffer from. Antidepressants are an
example of the available treatment strategies,
but their effectiveness has not been satisfactory
in more than half of the patient’s responses to
treatment. To improve treatment techniques that
prevent relapse or development of the disease, it
is very important to look at the main factors that
make people vulnerable to the onset of depression
or cause its recurrence. Therefore, gaining
deep insight into the possible causes of MDD in
prospective research can help in the development
of biological diagnostic methods for MDD.
Therefore, studying biomarkers involved in MDD
to diagnose the etiology of the disease along with
the development of advanced clinical methods is
necessary [25]. In this regard, several studies have
shown that MDD is associated with alterations in
biological systems such as endocrine (hormones),
immunity, oxidative stress, and neurotrophic
factors, which are accompanied by changes in
brain structure and function. To date, a wide
range of biomarkers have been proposed for the
diagnosis and prediction of treatment outcomes
in MDD, emphasizing the complex interplay
between biological and psychological elements
as essential for tailoring treatment strategies
for this disorder. Furthermore, the evolving link
between psychotherapy and biomarkers has been
explored to explore potential associations that
may illuminate treatment response [30].

Chronic stress is considered a precursor to the
onset of many neurological diseases. Thus, even
minor changes in system dynamics during stress
can potentially affect the functional output of
multiple cells and tissues throughout the body,
which can lead to changes in metabolic processes,
behavior, mood, and cognitive function in
susceptible individuals [36]. Although, according
to some researchers, a life without stress is
associated with death, excessive stress can cause
dysfunction and reduce the productivity of
employees in organizations. Accordingly, assessing
the complications and strategies to deal with them
in some environments is of great importance.
Among these environments, we can mention jobs
that are likely to cause physical and psychological
harm to employees. Therefore, military
environments or nuclear centers are considered
sensitive environments where employees are
likely to suffer from depression. Therefore,
studying and controlling stress in environments
that are likely to cause various physical and
psychological risks for employees who require
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working with equipment that requires high and
continuous precision is very important [37].
Several studies emphasize the significant impact
of chronic stress on the development and
exacerbation of chronic pain disorders such as
fibromyalgia, as a disease that plays a role in the
development of various cognitive disorders such
as thinking, concentration, attention, memory,
anxiety, irregular sleep patterns, etc. [36 and 38].
Also, although glucocorticoids are essential for
homeostasis and the normal stress response, their
overproduction under chronic stress conditions
has been implicated in the development of many
cognitive diseases, such as Alzheimer’s and
Parkinson’s. One proposed mechanism is that
since the hippocampus is one of the early areas
affected in Alzheimer’s and has the highest number
of glucocorticoid receptors in the brain, it is
vulnerable to damage from  excessive
glucocorticoid production and may therefore
contribute to the above disorder [36].
Neurodegeneration occursin critical brain regions,
such as the hippocampus and substantia nigra
(two important brain regions implicated in
Alzheimer’s and Parkinson’s, respectively), leading
to increased oxidative stress, mitochondrial
dysfunction, and metabolic changes [39]. Also,
experiencing acute stress causes a temporary
increase in cortisol that eventually subsides. This
temporary, gradual release is not dangerous for
long-term health outcomes. However, research has
shown that during chronic stress, cortisol loses its
circadian rhythm, and consequently, it has been
hypothesized that HPA axis hyperactivity and the
resulting glucocorticoid resistance may represent
alink between chronic stress and major depressive
disorder [40, 41]. By exploring the molecular,
neurobiological, and clinical dimensions of stress,
to diagnose it to provide effective prevention and
treatment strategies, it is possible to take steps to
combat the above psychological disorder.
Therefore, conducting research in this field is
important [37]. Chronic stress and its subsequent
physiological  disorders are increasingly
considered as triggers of various disease pathways.
However, individual differences and the body’s
responses to environmental stressors are the
ultimate determinants of vulnerability or
resilience to stress-related diseases [42]. The
adverse effects of chronic stress on the nervous
system have been known for more than 50 years.
Accordingly, structural changes in the nervous
system such as brain atrophy, and the resulting
occurrence of some cognitive disorders such as
memory deficits have been reported, among its
harmful effects on health. So far, various
biomarkers have been identified to identify the

above disorder, each of which plays an important
role in causing stress and portrays different
outcomes. In this regard, the assessment and
identification of biomarkers in chronic stress can
be considered predictors of disease and its
progression, which can ultimately be used as
potential targets for intervention and treatment
measures in chronic stress [43]. Chronic stress can
also cause mental disorders such as anxiety,
depression, and cognitive deficits [44]. Finally,
mental health and job performance are closely
related to each other. This relationship is especially
important for people who serve in military units.
The results of various studies show that military
personnel also suffer from mental disorders and
are more susceptible to mental disorders due to
higher job stress than the general population [53].
Post-traumatic stress disorder, as a psychiatric
disorder with a significant prevalence among
military personnel, can be caused by exposure to
traumatic events, which can result in a variety of
cognitive impairments, including impairments in
attention, memory, executive function (such as
goal-directed behavior, problem-solving, decision-
making, and cognitive flexibility), verbal and
visuospatial abilities (such as word retrieval and
processing, verbal fluency, comprehension, and
object recognition), and can negatively affect daily
functioning, job performance, and quality of life [7,
53]. Also, individuals with the above disorder may
experience processing speed impairments that
can affect their ability to think and react quickly
[54]. Major depressive disorder is also considered
another common mental disorder among military
personnel. This disease can also be associated
with a wide range of cognitive impairments, such
as deficits in attention, learning, visual and
auditory processing, problem-solving, processing
speed, and motor function [21, 23]. This disorder
can also be associated with memory problems in
individuals. In such a way mainly the memorization
of information and its recall in people with it has
been associated with delays [54]. Cognitive
disorders occur widely in patients with depression
and recovery. For this reason, reducing cognitive
dysfunction in these patients as a major mediator
in improving their performance can improve
clinical outcomes. Therefore, it is very important
to perform accurate and targeted diagnostic
measures and assess cognitive function in them,
which, accordingly, allows patients’ needs to be
identified and appropriate treatment programs to
improve their cognitive function and clinical
outcomes to be developed [24]. Excessive stress
can also be an effective factor affecting the
performance and productivity of employees in
organizations. Although some researchers
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consider a stress-free life to be associated with
death, the reality is that excessive stress can lead
to impairments in employee performance and
reduced productivity. Therefore, it is essential to
assess the consequences of stress and provide
coping strategies in some sensitive and stressful
jobs where employees may face physical and
psychological risks, such as military environments
and nuclear facilities. Several studies show that
chronic stress has a significant impact on the
development and exacerbation of cognitive
disorders such as thinking, concentration,
attention, memory, anxiety, and irregular sleep
patterns in sufferers [36, 37]. A biomarker is a
characteristic that can be objectively measured
and evaluated as an indicator of natural biological
or pathogenic processes or drug responses to a
therapeutic intervention. An ideal biomarker is
reproducible, stable over time, widely available,
and directly reflects the course of the relevant
disease. The biomarkers of interest can then be
used to detect various aspects of clinical pathology,
pathological  changes, prognosis, disease
progression, and response to treatment [55].
Accordingly, the identification of biomarkers
involved in psychological disorders plays an
important role in clinical assessment, but it is
important to conduct larger studies to achieve
this. Because, due to some similar -clinical
manifestations among them and the complexity of
the disease type, their definitive diagnosis will be
difficult. Therefore, identifying and classifying
biomarkers involved in the above disorders will be
very important with the aim of developing targeted
and advanced prevention and screening methods
among military personnel, improving differential
diagnostic methods, planning, innovation, and
developing treatment methods [13].

CONCLUSION

The results of this study showed that three
psychological disorders, post-traumatic stress
disorder, major depression, and chronic stress,
play a key role in the mental health and cognitive
performance of military forces. By identifying and
diagnosing cognitive biomarkers related to each
of these disorders, appropriate drug treatment
methods can be prescribed and suggested for them.
Experiences from past wars have shown that one
of the main factors in the victory of military units
on the battlefield is the presence of personnel with
high levels of mental health. Therefore, examining
the mental health of military personnel is of
considerable importance. Timely identification
of individuals at risk and appropriate treatment
measures are the first steps in increasing their
health and therefore increasing their efficiency.

Alizadeh et al.

However, the presence of personnel who suffer
from mental disorders and, consequently, cognitive
disorders and have not been diagnosed at the unit
level can pose problems for the performance of
the unit and its mission, and in addition, it can
result in excessive costs for the armed forces of a
country.

Clinical & Practical Tips in POLICE MEDICINE:
The occurrence of psychological disorders among
military personnel can be accompanied by the
development of some cognitive disorders and
significantly affect the quality of their tasks and
missions during operations. Accordingly, effective
diagnosis of psychological disorders to treat them
and, as a result, reduce the risks of developing
cognitive diseases caused by them among field
personnel can be important.
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