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Post-traumatic stress disorder (PTSD) is a syndrome and mental disorder that may develop either immediately or after a delay in adults, adolescents, 
and children (regardless of ethnicity, nationality, culture, or age) who have experienced or witnessed one or more traumatic events, a series of events, 
or a set of circumstances.
The aim of this review is to contextualize PTSD within the semantic framework of syndrome description, based on an integrated body of reliable and 
interrelated knowledge on the subject.
PTSD in children, adolescents, and women is examined through the following dimensions: statistics and epidemiology; clinical symptomatology; di-
agnostic methods; elements of research methodology; brain growth chart databases and age-normed MRI templates of the brain; target anatomy; 
genetics; key elements of PTSD pathogenesis; the microbiome; PTSD and comorbidity; PTSD risk prediction; stress resilience; PTSD treatment 
strategies; pharmacological agents for the prevention and treatment of PTSD; probiotics; evidence-based classical pharmacotherapies; non-recom-
mended pharmacological agents and treatment approaches; and promising directions for future research.
Conclusions. The relevance of research on PTSD is driven by the high prevalence of traumatic events in human life and their consequences, includ-
ing the development of PTSD. PTSD can adversely affect various aspects of an individual’s life, including mental and physical health, social relation-
ships, and overall functioning. The need for continued research in this field is associated with the search for effective methods of diagnosis, treatment, 
and rehabilitation of individuals suffering from PTSD, as well as with the development of preventive measures aimed at reducing the likelihood of this 
disorder.
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Keywords: post-traumatic stress disorder, statistics, epidemiology, clinical symptoms, brain, magnetic resonance imaging, drugs, microbiota, comor-
bidity.
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Посттравматичний стресовий розлад (ПТСР) – це синдром, психічний розлад, що може виникати як одразу, так і з відтермінуванням 
у дорослих, підлітків і дітей (незалежно від етнічної приналежності, національності, культури чи віку), які пережили або стали свідками однієї 
чи кількох травматичних подій, серії подій або низки обставин.
Мета – контекстуалізація ПТСР у межах семантичного поля опису синдрому на основі інтегрального комплексу взаємопов’язаних 
достовірних знань із цієї теми.
ПТСР у дітей, підлітків та жінок розглянуто в наступних аспектах: статистика та епідеміологія; клінічна симптоматика; методи обстеження; 
елементи методології досліджень; бази карт росту головного мозку та нормовані за віком магнітно-резонансно-томографічні шаблони 
головного мозку; анатомія мішені; генетика; елементи патогенезу ПТСР; мікробіота; ПТСР і коморбідність; прогнозування ПТСР; 
стресостійкість; стратегії лікування ПТСР; лікарські засоби (ЛЗ) для профілактики та лікування ПТСР; пробіотики; доказово рекомендовані 
класичні ЛЗ; нерекомендовані ЛЗ та методи лікування; перспективні напрями майбутніх досліджень.
Висновки. Актуальність досліджень ПТСР зумовлена високою поширеністю травматичних подій у житті людей та їхніми наслідками, зокрема 
розвиток ПТСР. ПТСР може негативно впливати на різні аспекти життя людини: психічне та фізичне здоров’я, соціальні відносини та 
функціонування в цілому. Необхідність досліджень у цій галузі пов’язана з пошуком ефективних методів діагностики, лікування та реабілітації 
осіб, які страждають на ПТСР, а також із розробкою профілактичних заходів для зниження ймовірності розвитку цього розладу.
Автори заявляють про відсутність конфлікту інтересів.
Ключові слова: посттравматичний стресовий розлад, статистика, епідеміологія, клінічна симптоматика, головний мозок, магнітно-резонансна 
томографія, лікарські засоби, мікробіота, коморбідність.
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Stress is a universal human phenomenon; how-
ever, individual responses to it can vary sig-

nificantly depending on personal characteristics. 
Posttraumatic stress disorder (PTSD) is a syn-
drome and mental disorder that may develop either 
immediately or after a delay in adults, adolescents, 
and children (regardless of ethnicity, nationality, 
culture, or age) who have experienced or witnessed 
one or more traumatic events, a series of events, or a 
set of circumstances. These may include physical, 
sexual, psychological, or other forms of violence 
(e.g., war, societal aggression, domestic violence, ab-
duction, school shootings), crimes; natural disasters 
(such as earthquakes, hurricanes, or floods); man-
made disasters, motor vehicle or aviation accidents, 
fires, and historical trauma. PTSD is characterized 
by intrusive memories, avoidance of trauma-related 
stimuli, heightened arousal (including hypervigi-
lance), and negative beliefs and mood [25,49]. Indi-
viduals may perceive such events or circumstances 
as emotionally or physically harmful or life-threat-
ening, potentially affecting their mental, physical, 
social, and/or spiritual well-being [2,3].

Any event that poses a threat to life or results in 
physical harm may trigger the development of 
PTSD. Emotional trauma can initiate a cascade of 
neurobiological processes with long-term conse-
quences, including alterations in gene expression. 
Early-life maltreatment and neglect of a child’s basic 
needs can disrupt the regulation of the developing 
neurobiological system, diminishing its stress resi
lience and, in turn, leading to later difficulties in 
emotional regulation during adulthood [17].

Terminological Aspects. The pathological condi-
tion currently referred to as PTSD has been known to 
humanity since ancient times – dating back as far as 
the phenomenon of war itself. Throughout different 
historical periods, a variety of terms were used to de-
scribe it: «nostalgia» (the Seven Years’ War) [36], 
«soldier’s heart» (the American Civil War), «trau-
matic neurosis,» «shell shock» (World War I), «com-
bat fatigue» (World War II), and «war neuroses.”

In the context of pediatrics, such concepts as «de-
velopmental trauma disorder» and «pediatric medi-
cal traumatic stress» are of particular interest, from 
which PTSD can be distinguished based on the 
specificity of its clinical symptomatology.

The aim of this review is to contextualize PTSD 
within the semantic framework of syndrome descrip-
tion, based on an integrated body of reliable and in-
terrelated knowledge on the subject.

Statistics and Epidemiology. Approximately 
70.4% of people worldwide report having experi-
enced at least one traumatic event during their life-
time. In the United States, 83% of individuals report 
having encountered a traumatic event at least once 
in their life, and among this group, the lifetime pre
valence of PTSD is 6.8% [13].

PTSD is more frequently diagnosed in women than 
in men [13]. A high prevalence of PTSD has been ob-
served among women with the following social profile: 
young, unemployed, socially vulnerable, unmarried at 
the time of assessment, with a low level of education, 
and working in high-risk professional sectors (e.g., 
military service, police, firefighting) [25].

The prevalence of PTSD in the general population 
ranges from 5% to 10%. Among direct victims of 
disasters and natural catastrophes, prevalence rates 
are significantly higher – reaching 30% to 40%. The 
proportion of suicide attempts among individuals 
with PTSD is approximately 19% [49].

According to the data [7], the lifetime prevalence 
of PTSD ranges from 2.3% to 9.1% in the civilian po
pulation and from 6.7% to 50.2% among military per-
sonnel; from 10% to 20% in women and from 6% to 
8% in men. These rates vary depending on the type 
and severity of the traumatic event, as well as on eco-
nomic, cultural, and social factors, and the research 
methodology employed. During the COVID-19 pan-
demic, PTSD prevalence fluctuated depending on the 
population category and observation period, ranging 
from 12% to 27% in the general population, up to 30% 
in high-risk groups (pregnant women, individuals 
with cancer, HIV, or other chronic illnesses), 17% to 
29% among healthcare workers, and 6.5% to 61% 
among individuals infected with the virus.

Among children, the prevalence of traumatic ex-
periences is estimated at 31%, and the incidence of 
PTSD by the age of 18 reaches 7.8%. One-year pre
valence rates range from 3.5% to 4.7% [44].

Clinical Symptomatology. PTSD is characterized 
by three clusters of symptoms: re-experiencing the 
traumatic event, avoidance of trauma-related me
mories, and a persistent sense of current threat, ma
nifested as exaggerated startle responses and hyper
vigilance. Symptom duration varies widely – from 
full recovery within three months to symptom per-
sistence for more than 50 years. A comprehensive 
and detailed description of symptoms is provided in 
publications [26]. In 2013, PTSD was revised in the 
Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-5) [2], having been reclassified from the 
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category of anxiety disorders to a newly defined 
group of trauma-related disorders. This reclassifica-
tion aimed to better differentiate PTSD from anxi-
ety and depressive disorders, with which it shares 
partial symptom overlap. According to the updated 
criteria, a diagnosis of PTSD requires significant ex-
posure to a traumatic event that results in substan-
tial impairment in occupational and social function-
ing for more than one month.

However, in an effort to encompass the diversity 
of post-traumatic symptoms, the DSM-5 classifica-
tion has become increasingly amorphous. It has been 
demonstrated that the diagnostic criteria for PTSD 
in DSM-5 (Diagnostic and Statistical Manual of 
mental disorders) exhibit a high degree of heteroge-
neity and allow for 636,120 possible symptom com-
binations [16].

Early Research. The first article dedicated to com-
bat-related PTSD, based on MRI findings of hippo-
campal volume in chronic PTSD, was published in 
1996 [18]. The first study utilizing functional MRI 
(fMRI) in PTSD was published in 2000 [33]. Initial 
studies on heritability and genetic correlations in 
PTSD were conducted in 2017 [13].

Methods of Examination. To investigate brain 
function, structure, and connectivity, as well as to 
identify biomarkers of PTSD, neuroimaging tech-
niques are most commonly used: functional MRI 
(fMRI), structural MRI (sMRI), and diffu-
sion-weighted MRI (dMRI). The standard method 
for assessing white matter integrity is diffusion ten-
sor imaging (DTI), which is based on measuring the 
directional movement of water molecules during 
diffusion. Fractional anisotropy, a parameter mea-
sured by DTI, is considered a quantitative indicator 
of the microstructural integrity of white matter, re-
flecting fiber density, axonal diameter, and degree of 
myelination. Fiber tractography and DTI-derived 
metrics are used to study structural connectivity 
between specific brain regions.

Resting-state fMRI (rs-fMRI) is a method for 
studying the macrostructure of spontaneous neural 
activity based on the analysis of low-frequency os-
cillations (0.01–0.08 Hz) of the blood oxygenation 
level-dependent (BOLD) signal in the absence of 
tasks or external stimuli (at rest). The BOLD signal 
fluctuates with high temporal coherence between 
spatially distinct brain regions that are functionally 
connected, forming the basis of specific sensory, mo-
tor, and cognitive networks [47]. Therefore, rsfMRI 
analyses often rely on temporal correlations between 

the signal time series of two brain regions, which are 
thought to reflect the synchronization of sponta-
neous neural activity between them; hence the term 
«(functional) network connectivity.”

Elements of the research methodology are de-
scribed to some extent in article [41]. Most studies 
focus mainly on brain structures; however, it is rea-
sonable to anticipate that interest in the chronoar-
chitecture of nearly all organs and body systems will 
increase over time. Trauma is also an imprint left by 
painful experiences on the mind, brain, and the en-
tire body [45].

Currently, databases are being developed based on 
parallel time series of structural and functional images, 
functional connectivity indices, topography of brain 
organ metabolites, as well as physical, mental, and cog-
nitive health metrics, biochemical, microbiological, 
and immunological characteristics of biospecimens 
from infants, children, adolescents, and adults of vari-
ous ethnic backgrounds, taking into account environ-
mental characteristics and social context. In essence, 
this constitutes a high-throughput resource for con-
structing informative models of organ and system de-
velopment, simulating the whole organism, mapping 
associations (for example, between brain indices and 
behavior), establishing a foundation for prospective 
studies of health and disease trajectories, and identify-
ing bifurcation points along these trajectories.

In essence, this constitutes a science-intensive re-
source for building informative models of organ and 
system development, simulating the whole orga
nism, constructing association maps (e.g., between 
brain metrics and behavior), creating a foundation 
for prospective studies of health and disease trajec-
tories, and identifying bifurcation points along these 
trajectories.

Іn particular, in the context of studying PTSD as 
well as other conditions, the following areas should 
be noted: the creation of models of neurostructural 
and neurofunctional development and growth of the 
human brain; normalization of MRI images (e.g., 
voxel-based morphometry); solving functional tasks 
involving functional connectivity (BOLD); con-
structing 3D head models for the analysis of electro-
encephalography/magnetoencephalography source 
substrates; performing accurate alignment and reli-
able identification of normal, variant, atypical, and 
pathological brain development trajectories; preven-
tive prediction of the manifestation of orphan, psy-
chiatric, and somatic diseases. Examples of available 
databases are provided below.
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The brain growth chart database and age-nor-
malized brain MRI templates include: 494 subjects 
aged from 4.5 to 19.5 years (with 6-month intervals) 
[35]; subjects aged from 8 days to 4.3 years (13 age 
groups: 2 weeks, 3, 4.5, 6, 7.5, 9, 12, 15, 18 months, 2, 
2.5, 3, and 4 years); as well as subjects aged from 
2 weeks to 89 years (intervals: 3 months – up to 
1 year; 6 months – up to 19.5 years; 5 years – from 
20 to 89 years) [34]. The basic component of the data-
set is an averaged MRI template for each age category.

Baby Connectome Project [20]. The primary 
goal is to characterize brain development and beha
vior in typically developing infants during the first 
5 years of life. High-resolution sMRI (T1- and 
T2-weighted images), dMRI, and resting-state 
fMRI were used to assess functional connectivity. 
Subjects were children aged 0 to 5 years with typical 
development, without the use of sedation.

The ABCD Project (Adolescent Brain Cognitive 
Development) [10] is an ongoing 10-year prospective 
cohort study involving more than 11,500 children, 
starting at the age of 9–10 years and continuing into 
early adulthood. The project is conducted by a con-
sortium of 21 data collection sites across the United 
States (established in 2015; data collection began in 
2017). Data are collected in seven domains: physical 
health, mental health, brain imaging, biospecimens 
(hair, blood, saliva, and deciduous teeth), neurocog-
nition, substance use, and culture and environment. 
The ABCD imaging protocol includes 3D T1- and 
3D T2-weighted images, diffusion-weighted imaging 
(DWI), resting-state fMRI, and three functional 
fMRI tasks.

The database, compiled from materials of 18 in-
ternational datasets (including the ABCD study) 
containing dMRI images and covering almost the 
entire human lifespan (total N=51,830 individuals; 
age range: 3–80 years), was created to build a model 
of brain white matter (WM) microstructure [46].

The database for constructing reference charts, 
created on the basis of the largest and most compre-
hensive dataset [11] (with acknowledgment and con-
sideration of the limitations associated with known 
biases in MRI studies regarding the representative-
ness of the global population), was compiled from 
123,984 MRI scans obtained from more than 100 pri-
mary studies involving 101,457 participants, ranging 
in age from 115 days post-conception to 100 years.

An MRI database of typically developing school-
aged children from the USA and China was com-
piled at 1.25-year intervals [12]. Analysis of these 

data revealed volumetric growth differences 
between these two ethnic groups – primarily in the 
lateral frontal and parietal regions, which show the 
greatest interindividual variability in structure and 
function. For infants aged 0-9 months, imaging ses-
sions were conducted during natural sleep without 
the use of sedation, following established MRI pro-
tocols [11].

Target anatomy. Structural and functional imaging 
in PTSD has primarily focused on five key brain re-
gions: the hippocampus and parahippocampal areas 
(known as the medial temporal lobe), the ventrome-
dial prefrontal cortex, the amygdala, the anterior cin-
gulate cortex, and the insular cortex/insula [32].

In a meta-analysis of regions of interest in patients 
with PTSD compared with all control subjects, re-
ductions were observed in total brain volume, intra-
cranial volume, and the volumes of the hippocampus, 
insular cortex (insula), and anterior cingulate cor-
tex. Similar changes were observed in individuals 
with PTSD compared with both non-traumatized 
and traumatized control subjects. In traumatized 
control participants compared with non-trauma-
tized controls, bilateral hippocampal volume reduc-
tion was noted [6].

Genetics. Twin studies have demonstrated that 
approximately 30% of the variance associated with 
PTSD is attributable solely to genetic factors. To 
date, the potential role of 16 genes in conferring sus-
ceptibility to PTSD has been identified. PTSD, by 
its nature, is similar to other complex genetic pheno-
types such as schizophrenia, depression, or human 
height in that it represents a highly polygenic phe-
notype, likely influenced by thousands of loci across 
the genome, many or even all of which are located in 
genomic regions not traditionally considered of 
greatest significance [13]. In women, PTSD may in-
crease the predisposition to post-traumatic symp-
toms in their future offspring, including at the level 
of gene expression.

An analysis of pleiotropic mechanisms linking 
PTSD with brain imaging phenotypes has been per-
formed [29]. In a study involving 66 PTSD patients 
and 91 PTSD-free volunteers, pleiotropic associa-
tions were identified between caudate nucleus 
volume and childhood trauma, as well as between 
right lateral ventricle volume and lifetime alcohol 
use disorder [31].

In a study involving 216 participants (Republic of 
Korea; 133 healthy volunteers and 83 patients with 
PTSD) [22], the interaction between childhood 
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trauma and the Val66Met polymorphism of the 
brain-derived neurotrophic factor (BDNF) in rela-
tion to PTSD symptoms and cortical thickness was 
examined. Structural MRI (sMRI) with T1-weight-
ed images, genotyping of the BDNF rs6265 variant 
from blood samples, and clinical assessment were 
performed. The thickness of both brain regions 
showed significant correlations with psychological 
symptoms, including depression, anxiety, rumina-
tion, and cognitive emotion regulation strategies; 
however, this was predominantly observed in indi-
viduals with the Val/Val genotype. The interaction 
between childhood trauma and the BDNF polymor-
phism significantly affects PTSD symptoms and cor-
tical thickness, and the Val/Val genotype may in-
crease the risk of PTSD in the Korea’s population.

Elements of PTSD рathogenesis. To date, no 
generally accepted theory of the mechanisms under-
lying PTSD pathogenesis exists. Based on the ana
lysis of hormonal, biochemical, genetic, and morpho-
functional changes occurring in PTSD in peripheral 
organs and in the central nervous system, it has been 
concluded that PTSD pathogenesis should be con-
sidered as an integrative inflammatory process in-
volving both peripheral and central systems [26].

Microbiota. Within the framework of systems 
biology, the human being is considered as an orga
nism in which the microbiota (a non-pathogenic 
microbial community comprising more than 
10,000 species of microorganisms, including bacte-
ria, archaea, fungi, and protozoa) functions as a kind 
of invisible «extracorporeal organ,» consisting of 
approximately 10¹⁴ microbial cells (comparable to 
the number of the body’s own cells), weighing about 
2–3 kg, and performing a wide range of vital local 
and systemic functions [24,51].

The «microbiota-gut-brain» axis provides a bidi-
rectional link between gut microbes and the brain. 
The potential role of the gut microbiome in mental 
health and in a number of chronic diseases has been 
recognized [30,48]. The severity of PTSD symptoms 
in women may differ from that in men. Sex is one of 
the important host factors influencing the human 
microbiome.

It has been established that dysbiosis of the hu-
man gut microbiome is associated with various in-
flammatory conditions also linked to PTSD, includ-
ing inf lammatory bowel  disease  (IBD), 
cardiometabolic diseases, and diabetes mellitus [24]. 
It was found [48] that certain taxa correlate with the 
severity of PTSD symptoms: the genera Mitsuokella, 

Odoribacter, Catenibacterium, and Olsenella (the 
abundance of this consortium was higher in the 
South African cohort of patients with PTSD, and 
based on this combination, PTSD was identified 
with an accuracy of 66.4% [28]), as well as the phyla 
Actinobacteria, Lentisphaerae, and Verrucomicrobia.

Differences in the taxonomic composition of gut 
microorganisms have been identified between groups 
of patients with PTSD and a trauma-exposed con-
trol group. Individuals with PTSD are characterized 
by reduced microbiome diversity. The practical sig-
nificance of potential risk and resilience factors for 
PTSD has been substantiated, including a specific 
composition of the gut microbiome that may poten-
tially protect against or increase susceptibility to the 
development of this disorder [48]. The role of poten-
tial risk and stress resilience factors for PTSD, in-
cluding specific gut microbiome compositions that 
may either confer protection or increase susceptibi
lity to the disorder, has been practically substantiat-
ed [48].

A certain composition of the gut microbiome pro-
vides a degree of stress resilience, likely through the 
production of anti-inflammatory short-chain fatty 
acids (SCFAs). Administration of Mycobacterium 
vaccae reduces stressor-induced hippocampal 
microglial sensitivity to immune challenge ex vivo 
and has been shown to exert other local anti-inflam-
matory effects [1].

PTSD reduces microbial synchrony between 
mother and child. The impact of war on the deve
lopment of PTSD in children in Israel was examined 
in article [51]. Observations and five assessment 
rounds were conducted starting from 2004–
2005 among children who had experienced war-re-
lated traumatic events and among control group 
participants – from early childhood (mean age – 
2.76 years, n=232) to adolescence (mean age – 
16.13 years, n=84). Fecal samples were collected 
from mothers and adolescents, and the composition, 
diversity, and microbial synchrony of the micro
biome between mother and child were assessed.

Adolescents with PTSD had a lower level of mic
robial diversity (Shannon index) compared with 
stress-resilient peers, as well as lower microbial syn-
chrony with their mothers. This suggests that re-
duced microbial concordance between mother and 
child may indicate increased susceptibility to PTSD. 
Low microbiome diversity correlated with a higher 
number of post-traumatic symptoms in early child-
hood, a greater number of emotional and behavioral 
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problems in adolescence, and poor maternal care. In 
germ-free mice that received a microbiome trans-
plant from adolescents with PTSD, increased anxi-
ety-like behavior was observed. The microbiome 
profile associated with traumatic experience at least 
partially determines the anxiety component of the 
PTSD phenotype and highlights the involvement of 
microbial factors in stress resilience mechanisms. 
The microbiome serves as an additional biological 
memory of early childhood stress and represents a 
promising target for pharmacotherapy [51].

According to a meta-analysis (5,824 articles) [30], 
two out of six studies reported a decrease in alpha di-
versity of the gut microbiota in patients with PTSD 
(standardized mean difference – SMD – for the Shan-
non diversity index was 0.27; 95% confidence interval: 
-0.62 to 0.609; p=0.110). Two studies observed a sig-
nificant reduction in the abundance of bacteria from 
the Lachnospiraceae family. In one of these studies, 
bacteria of this taxon were positively correlated with 
PTSD symptom severity scores, whereas in two 
others, Lachnospiraceae (which ferment dietary fibers 
producing short-chain fatty acids (SCFAs) that exert 
anti-inflammatory and modulatory effects on the in-
testinal mucosa) were associated with higher levels of 
cognitive functioning. Other results did not demon-
strate consistent patterns and appeared to be unique 
to each individual study [24,30].

PTSD and Comorbidity. In most cases, PTSD is 
accompanied by major depressive disorder, panic at-
tacks, dysthymia, alcoholism, substance abuse, social 
phobia, antisocial behavior, aggressiveness, and psy-
chosomatic disorders. The identification of patients 
with pronounced comorbid symptoms may be of sub-
stantial clinical importance, as these individuals are 
at the highest risk for long-term chronic posttrau-
matic dysfunctions [19]. Depression occurs as fre-
quently as PTSD following a traumatic event, and 
these two disorders are highly comorbid. PTSD is 
often accompanied by major depressive disorder, and 
empirical evidence indicates that effective treatment 
of PTSD simultaneously contributes to a reduction 
in depressive symptoms [8].

PTSD is associated with an increased risk of de-
veloping IBD. Studies have shown that patients 
with IBD are more susceptible to PTSD, and the 
presence of PTSD, in turn, exacerbates the course of 
IBD symptoms [24].

PTSD is a risk factor for chronic diseases, includ-
ing coronary heart disease, stroke, diabetes mellitus, 
as well as premature mortality.

Prognosis. PTSD develops in only a small pro-
portion of individuals exposed to stressogenic fac-
tors. For example, 60% of men and 50% of women in 
developed, prosperous countries have encountered 
at least once in their lifetime situations of a psycho-
traumatic nature that could potentially lead to the 
development of PTSD. However, only 20–30% of 
individuals from this at-risk group (i.e., according to 
various estimates, 1–10% of the general population) 
actually develop PTSD.

Additional risk factors for PTSD development, not 
directly related to the traumatic event, have also been 
identified: younger age at the time of trauma expo-
sure, female sex, lower socioeconomic status, lack of 
social support, premorbid personality traits, and the 
presence of anxiety or depressive disorders, which in-
crease the likelihood of PTSD development [3].

Prediction of PTSD symptoms was described in a 
sample of 87 women (mean age – 34.22 years, range – 
18-65 years) at 1, 6, and 14 months after a traumatic 
event, using an artificial intelligence (AI) deep learn-
ing model based on fMRI scan results (in the resting 
state, during an emotional reactivity task, and the 
«Safe or Risky Domino Choice» test) obtained im-
mediately after the trauma. For each participant, ac-
tivation levels in 117 brain regions were analyzed 
[39]. The predictive ability for PTSD chronicity was 
achieved with Area Under the ROC Curve (AUC):   
AUC = 0.84±0.02 and accuracy = 81.33%±5.37.

Stress Resilience. Parameters of stress exposure 
that enhance stress resistance in adult rats have been 
identified. Stress during critical developmental pe-
riods forms a phenotype with increased resilience to 
inflammatory pain exposure, which was observed in 
a response organized at the supraspinal level in adult 
animals [9].

It is assumed that resilience (the ability to experi-
ence trauma without developing PTSD symptoms) 
was formed at the genetic level in the course of evo-
lution. Resilience to a given type of danger is higher 
the earlier in evolutionary history that danger 
emerged. In particular, the following patterns are 
observed.

MRI markers of human stress resilience have been 
identified: stress-resilient individuals exhibit increased 
gray matter volume in the prefrontal cortex and hip-
pocampus; increased activation of the prefrontal cor-
tex, anterior cingulate cortex, and anterior spinal re-
gion; and decreased activation of the amygdala [15]. 
In stress-resilient adolescents, a larger gray matter 
volume in the frontal regions and hippocampus has 
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been noted. fMRI studies have revealed the role of the 
amygdala and ventral striatum in shaping stress resi
lience. Stress resilience is associated with greater 
structural connectivity of the corpus callosum. Neural 
circuits involved in emotion regulation and the reward 
system are linked to stress resilience in youth [14].

Veterans seeking treatment for combat-related 
PTSD have higher rates of childhood physical abuse 
compared to combat veterans without PTSD. Child-
hood physical abuse preceded the development of 
combat-related PTSD in Vietnam War veterans [5].

Treatment strategies for PTSD primarily focus on 
psychotherapy (talk therapy) and pharmacotherapy, 
including the use of selective serotonin reuptake in-
hibitors (SSRIs) and serotonin-norepinephrine re-
uptake inhibitors (SNRIs).

In a meta-analysis of 19 randomized controlled tri-
als of cognitive behavioral therapy (CBT) in children 
or adolescents with PTSD (published before July 25, 
2021, and retrieved from seven databases), outcomes 
were compared with those of a control group that in-
cluded treatment as usual or other types of therapy. 
Compared to the control, CBT was effective in reduc-
ing PTSD symptoms in children and adolescents; 
however, CBT was not effective in reducing avoidance 
symptoms. CBT may decrease the severity of PTSD 
in children and adolescents and alleviate symptoms of 
depression and anxiety, as has been proven in the treat-
ment of PTSD in victims of sexual abuse and war, as 
well as in patients over the age of seven years [36,50].

In 56  studies conducted across 30  countries 
(1,370 adults and children with PTSD who under-
went narrative exposure therapy and 1,055 individuals 
in control groups), significant between-group effects 
were identified in favor of narrative exposure therapy 
in reducing PTSD symptoms in the long term [36,40].

From the perspective of PTSD symptom reduc-
tion, eye movement desensitization and reprocessing 
and CBT demonstrated no statistically significant 
differences [21,36].

Some hope is placed on digital technologies for 
the treatment of PTSD through the use of the Inter-
net for CBT and written exposure therapy [36]. 
These interventions have advantages such as im-
proved accessibility, effectiveness, and reduced stig-
matization compared to traditional face-to-face the
rapy. The treatment involves the use of an online 
program containing self-learning modules that pa-
tients can access from their computer, tablet, or 
smartphone. The program also includes six face-to-
face therapy sessions [4].

Pharmacotherapy for the prevention and treatment 
of PTSD. In PTSD, the efficacy of SSRIs is the most 
extensively studied; these agents reduce anxiety and 
facilitate engagement in psychotherapy [3,5,27,44,52]. 
The therapeutic aims of antidepressants extend be-
yond alleviating depression to include obsessive-com-
pulsive symptoms, intrusive thoughts, anxiety-phobic 
states, anger outbursts, and alcohol craving.

The search for medicinal products (MPs) is also 
carried out within the framework of drug repurpos-
ing – a field that now has a clearly defined name, al-
though it has existed previously (the use of known 
MPs for new indications). The rationale for searching 
for an effective MP within the scope of repurposing 
lies in the fact that intracellular signaling pathways 
are characterized by numerous cross-interactions. 
Based on the consideration of PTSD primarily as an 
inflammatory integrative process of the peripheral 
and central systems, the use of a multifunctional MP 
from the heparin group – capable of crossing the 
blood-brain barrier (BBB) and possessing adapto
genic properties – has been justified [26].

In this context, the pleiotropic effects of oxytocin 
(dose-dependent anti-phobic, stress-reducing, seda
tive, anxiolytic, cardioprotective, regenerative, and 
antiapoptotic actions; intranasal administration has 
demonstrated potential in reducing PTSD symp-
toms) [43]; dalargin (wound-healing, reparative, 
anti-inflammatory, antioxidant, lymphokinetic, hy-
potensive, antiarrhythmic, cardioprotective, pulmo-
nary-protective, hepatoprotective, pancreatic-pro-
tective, hypocholesterolemic, antiatherosclerotic, 
antihypoxic, anti-ischemic, analgesic, antidepres-
sant, antistressor, immunomodulatory, anticarcino-
genic, antitumor, and antimetastatic actions) [37]; 
phenytoin (anticonvulsant, analgesic, anti-inflam-
matory, sedative, tonic, antihypoxic, and antitoxic 
actions) [5]; berberine (anti-inflammatory, antifun-
gal, antiarrhythmic, geroprotective, antiapoptotic, 
antiviral, antisclerotic, neuroprotective, antidiabe
tic, anxiolytic – manifested in reduced anxiety, fear, 
and emotional tension – antioxidant, and antitumor 
actions) [27,38]; curcumin (anti-inflammatory, an-
tidepressant, hepatoprotective, antibacterial, and 
antitumor actions) [27]; tetramethylpyrazine (anti-
oxidant, anti-inflammatory, antiapoptotic, angiopro-
tective, cardioprotective, neuroprotective, and gero-
protective actions) [27]; citalopram (antidepressant 
effect) [5]; propranolol (hypotensive, cardioprotec-
tive, antianginal, antiarrhythmic, membrane-stabi-
lizing, antitumor, actoprotective, and antiatheroge
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nic actions) [3]; as well as N-acetylcysteine (NAC) 
[23] (mucolytic, antitoxic, neurotropic, antioxidant, 
anti-inflammatory, nephroprotective, anti-infective, 
radioprotective, pulmonary-protective, and anticar-
cinogenic actions) are under investigation.

A multicenter, randomized, double-blind, placebo-con-
trolled study involving adults with treatment-resistant 
PTSD has been described. Patients received oral NAC at 
a dose of 2.7 g/day or placebo for 12 weeks. Significant 
between-group differences were observed at week 64 in 
the duration of craving for psychoactive substances (Co-
hen’s d=1.61) and resistance to this craving (Cohen’s 
d=1.03) – both outcomes in favor of NAC. The therapeu-
tic action of NAC was investigated in a mouse model of 
PTSD, which significantly improved cognitive function 
and reduced hippocampal neuronal apoptosis [52].

Pharmacological treatment of PTSD should al-
ways be combined with psychotherapy. For example, 
NAC shows certain potential as a treatment for 
PTSD in combination with CBT.

Probiotics. It has been suggested that greater alpha 
diversity of the gut microbiome protects the body 
against pathogenic influences of any nature [42]. The 
microbiome represents an additional biological me
mory of early-life stress and a target for MPs [51].

A certain composition of the gut microbiome pro-
vides a degree of stress resilience, presumably through 
the production of anti-inflammatory SCFAs. Admi
nistration of Mycobacterium vaccae reduces stressor-
induced sensitivity of hippocampal microglia to im-
mune challenge ex vivo and has also been shown to 
exert other local anti-inflammatory effects [1].

The influence of the gut microbiota on stress re-
sponse leads to assumptions about the antidepressant 
effect of probiotics such as Bifidobacterium. Overall, 
the regulation of microbiota diversity through probi-
otics and prebiotics may represent a potential thera-
peutic approach for depression in PTSD.

Evidence-based recommended classical MPs 
[36,44]: fluoxetine (for monotherapy), paroxetine 
(same), venlafaxine XR (same), sertraline.

Non-recommended MPs and treatment methods 
[36,44]. MPs: risperidone, quetiapine, olanzapine and 

other atypical antipsychotics; divalproex, tiagabine, 
guanfacine, ketamine, hydrocortisone, D-cycloser-
ine; benzodiazepines; cannabis; cannabinoids.

There is insufficient evidence to support the use of 
the following methods: electroconvulsive therapy; 
repetitive transcranial magnetic stimulation; hyper-
baric oxygen therapy; stellate ganglion block; vagus 
nerve stimulation.

Conclusions

The relevance of research on posttraumatic stress 
disorder (PTSD) is determined by the high preva-
lence of traumatic events in people’s lives and their 
consequences, including the development of PTSD. 
PTSD can negatively affect various aspects of hu-
man life, including mental and physical health, social 
relationships, and overall functioning. The need for 
research in this field is associated with the search for 
effective methods of diagnosis, treatment, and reha-
bilitation of individuals suffering from PTSD, as well 
as with the development of preventive measures to 
reduce the likelihood of this disorder.

The authors declare no conflict of interest.
Promising directions for future research: the for-

mation of large national cohorts (women, children, 
adolescents) with data on the gut microbiome, 
PTSD, as well as potential host factors (demogra
phic, socioeconomic, and medical indicators); pro-
spective assessment of trauma/PTSD prior to micro-
biome sampling in cohort participants to study the 
association of PTSD with the microbiome inde-
pendently of trauma exposure; integration of 
multi-omics data (metagenomics, metatranscrip-
tomics, and metabolomics) for systematic identifica-
tion of mechanisms linking the gut and PTSD (pre-
vious studies have shown that an abnormal gut 
environment, such as intestinal barrier dysfunction, 
concentrations of SCFAs and various microbial me-
tabolites, is associated with PTSD); identification of 
causal relationships to determine predictive species/
pathways contributing to PTSD, which would facil-
itate the rational development of synbiotics for the 
prevention and treatment of PTSD.
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