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INTRODUCTION
Chronic stress is one of the key factors affecting hu-
man health, particularly in terms of mental state and 
cognitive abilities. Recent studies have demonstrated 
that chronic psychological stress can lead to substan-
tial alterations in brain function, particularly in areas 
responsible for cognitive functions, emotional stability, 
and adaptive processes [1]. Changes in the electrical 
activity of the cerebral cortex can serve as important 
indicators of the impact of stress on the central nervous 
system, with long-term consequences for mental health 
and cognitive functioning [2].

In the active combat areas, civilians are often exposed to 
a unique stressor, which includes both external (physical 
threats, perceived danger) and internal (emotional and 
psychological) factors. The peculiarity of their situation lies 

in the specific sensitivity to prolonged psycho-emotional 
stress, which places an additional burden on their body and, 
in particular, on the nervous system. It is known that chronic 
stress significantly increases the risk of developing anxiety 
and depressive disorders, cognitive dysfunction, and even 
neurodegenerative diseases. In addition, prolonged ex-
posure to stressors, such as constant air anxiety and night 
attacks, can cause sleep and circadian rhythm disturbances, 
which further worsen the state of mental health [3]. 

The relevance of the study is also emphasized by the 
need to develop and improve methods for assessing 
and correcting the cognitive and emotional state in 
women experiencing chronic stress. Understanding 
the mechanisms underlying changes in neurodynamics 
can help create effective programs of psychological 
support, rehabilitation, and adaptation [4,5]. 
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ABSTRACT
Aim: This study aimed to investigate whether chronic war-related stress producessex-differentiated reorganization of large-scale cortical functional connectivity, 
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groups (n = 29, nfem = 18) were assessed during the ongoing full-scale invasion (2022–2024). EEG recordings were obtained at rest and during cognitive load 
induced by a mental arithmetic task. Magnitude-squared coherence was analyzed in θ1 (3.9–4.9 Hz), θ2 (5–6 Hz), β1 (13–20 Hz), and β2 (20–30 Hz) bands.
Results: Pre-war maps showed posterior-dominant coupling with robust P3–P4 and O1–O2 homotopy and a preserved Fz–Cz–Pz axis. Men additionally 
exhibited stronger C3–C4 and midline integration, whereas women showed a right-posterior bias and weaker fronto-posterior coupling. During the war, men 
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poroparietal and posterior midline regions, emergent cross-hemispheric fronto-temporal links, and persistently attenuated long-range coupling. In β bands, 
posterior homotopy weakened in both sexes, with frontal strengthening more pronounced in women.
Conclusions: Chronic war stress drives posterior-to-anterior reweighting of coherence, supporting reactivity through salience/control hubs at the expense of 
efficiency. Women’s weaker long-range fronto-posterior coordination suggests heightened vulnerability and points toward sex-specific intervention strategies.
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In the context of modern research, chronic stress is 
a factor that can significantly change the functioning 
of the central nervous system [6]. Prolonged stress is 
associated with negative changes in the brain, partic-
ularly in its cortical structures, which play a crucial role 
in regulating cognitive processes. Civilian population 
in active military conflict are particularly vulnerable to 
the effects of prolonged stress. The constant feeling of 
danger, emotional tension associated with threats to 
life and health, can significantly affect their ability to 
respond adequately to stressors. Sleep disturbances, 
increased anxiety, and changes in the functionality of 
the cerebral cortex often accompany chronic stress in 
these conditions. Understanding the impact of these 
factors on cognitive functions and the general psy-
cho-emotional state of women will help in developing 
strategies to improve their health. 

The primary objective of the study was to investigate 
changes in the electrical activity of the cerebral cortex 
in the civilian population residing in an active military 
conflict zone. Using electroencephalography (EEG), it 
was planned to assess the impact of chronic stress on 
neurodynamic processes during cognitive tasks. 

The study aims to identify possible cognitive impair-
ments and changes in neurodynamics resulting from 
prolonged stress. Assessment of such changes allows 
us to form a general idea of ​​the impact of chronic stress 
on brain activity. It indicates the need to develop ap-
proaches to their correction and prevention.

AIM
This study aimed to investigate whether chronic war-re-
lated stress producessex-differentiated reorganization 
of large-scale cortical functional connectivity, as measur 
ed by EEG coherence, and to identify neurodynamic 
markers of cognitive and emotional vulnerability in 
civilian populations exposed to ongoing armed conflict.

MATERIALS AND METHODS
Fifty-three volunteer students of Taras Shevchenko 
National University of Kyiv, aged 18-24, participated 
in the study on a volunteer basis. The data of the first 
group of subjects were obtained between 2010 and 
2012, that is, before the start of Russia’s hybrid and 
full-scale invasion of Ukraine, as well as the COVID-19 
pandemic (n = 24, nfem=15). EEG data of the second 
group of volunteers were recorded during the full-scale 
invasion (n = 29, nfem=18).

Participants were informed about the content of 
the stimulation program; written informed consent 
was obtained from each subject following the World 

Medical Association (WMA) Declaration of   Helsinki 
– Ethical   Principles of   Medical   Research Involving  
Humans  (Helsinki,  Finland,  June  1964),  Declaration 
of  Principles of  Tolerance  (28th Session of the  Gen-
eral Conference of    UNESCO,    Paris,    November    16,    
1995),   Conventions for the Protection of Human Rights 
and Human Dignity in the Use of Biology and Medicine: 
Convention on Human Rights and Biomedicine (Oviedo, 
April 4, 1997). For the sake of the study, ethical commit-
tee approval was obtained (Protocol #4, 26.06.2025).

A routine EEG was recorded using the Neurocom 
hardware and software complex (KhAI “Medica”, Kharkiv, 
Ukraine). The electrodes were placed according to the 
international electrode placement system “10-20%. 
According to the study design, participants were asked 
to perform sequential subtraction of a 2-digit number 
(the subtractor) from a 4-digit number (the reduced 
number) (e.g., 4753 and 17, 3141 and 42, etc.) with 
their eyes closed. Mental arithmetic performance is a 
standardized stress-inducing experimental protocol 
[7,8]. Serial subtraction for 15 minutes is considered 
psychosocial stress [9].  In this way, our study design re-
quired subjects to engage in intensive cognitive activity. 
The intensive mental load is accompanied by a change 
in the emotional background when the subject makes 
an additional effort to resolve tasks, allowing for the 
discussion of evoked emotions in this case. Additionally, 
an EEG was recorded in a resting state with eyes closed 
before and after the task for 1 minute.

 Further processing of the obtained data was carried 
out using the EEGLab software package [10] based on 
the  MATLAB  software environment.  The main algo-
rithm used for data analysis was magnitude-squared 
coherence. Permutation statistics were applied to 
detect strong coherent connections.

Magnitude-squared coherence (MSC) is an objective 
frequency-domain response detection method intro-
duced by Dobie and Wilson [11] for analyzing evoked 
potentials. These researchers found that the technique 
can yield essential results in the field of research on 
the cortical response of the human brain. Magni-
tude-squared coherence (MSC) has been used in many 
areas of signal processing, for example, to measure the 
coherence between two realized complex signals [12, 
13]. The MSC between the two one-dimensional wide-
sense stationary signals x(t) and y(t) is defined as
Coh2  =   (1),
where  is the cross-spectral density estimate between 

the two signals (x(t) and y(t)),  and  are the auto-spectral 
density estimates for the x(t) and y(t) signals, respectively.

The MSC measure in human EEG is a real number 
between 0 and 1 in each band and subband. If MSC is 
0 for all frequencies, the two signals are not linearly de-
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pendent; if MSC is 1 for all frequencies, the two signals 
are connected via a linear time-invariant (LTI) system. 
In other words, MSC is a measure that evaluates the de-
gree to which one signal is predicted by another signal 
using a linear model and is implemented to analyze 
linear systems [14]. MSC can also be considered as a 
measure of the similarity of the frequency content of 
two signals [14]. The MSC is characterized by symmetry, 
which means that the MSC between two signals, x(t) 
and y(t), is the same as the MSC between y(t) and x(t).

RESULTS
Prior to war exposure, θ1 coherent connections were 
concentrated over the posterior cortices (Fig.1). In men 
(Fig.1, A), the distribution peaked along the posterior 
midline (Pz/Oz) with robust homotopic interhemispher-
ic links (O1-O2, P3-P4) and a continuous dorsal axis 
(Fz-Cz-Pz), indicating preserved long-range integration. 

Women (Fig.1, B) exhibited a comparable posterior 
emphasis, but with a more pronounced right tempo-
ro-parietal bias (T4-P4/O2) and relatively attenuated 
fronto-posterior midline coupling, suggesting a more 
locally clustered posterior network.

Under ongoing war conditions (Fig.2), θ1 coherence 
shifted anteriorly. In men (Fig.2,A), fronto-temporal 
coupling (F3/F4-T3/T4) strengthened, while posterior 
interhemispheric links remained present but less dom-
inant than before the war; dorsal midline connectivity 
(Fz-Cz) was accentuated. Women (Fig.2, B) exhibited 
diffuse θ1 reinforcement with maxima over the right 
temporoparietal and posterior midline regions (T4-P4 
to Pz/Oz). Interhemispheric occipital and parietal links 
remained strong, yet fronto-posterior midline integra-
tion continued to be comparatively weaker than in men.

Before war exposure (Fig.3), θ2 coherence again man-
ifested within the posterior association cortices. Men 
(Fig.3, A) displayed pronounced homotopic coupling 

 

 

Fig. 1 Topographical distribution of connections (magnitude squared coherence) upon mental 
arithmetic task performance in θ1 EEG subband in (A) male group and (B) female group before 
the full-scale russian invasion. Both axes represent the complete list of EEG electrode sites used 
for recording, and each square at the intersection of two channels denotes the strength of 
coherence between them. The colorbar indicates the magnitude-squared coherence coefficient 
(range 0 to 1), with warmer colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05) 

Picture taken by the authors 

 

 

Fig. 2. Topographical distribution of connections (magnitude squared coherence) upon mental 

arithmetic task performance in θ1 EEG subband in (A) male group and (B) female group after the 

full-scale russian invasion. Both axes represent the complete list of EEG electrode sites used for 

recording, and each square at the intersection of two channels denotes the strength of coherence 

between them. The colorbar indicates the magnitude-squared coherence coefficient (range 0 to 1), 

Fig. 1. Topographical distribution of connections (magnitude squared 
coherence) upon mental arithmetic task performance in θ1 EEG subband 
in (A) male group and (B) female group before the full-scale russian 
invasion. Both axes represent the complete list of EEG electrode sites 
used for recording, and each square at the intersection of two channels 
denotes the strength of coherence between them. The colorbar indicates 
the magnitude-squared coherence coefficient (range 0 to 1), with warm-
er colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05)
Picture taken by the authors

Fig. 2. Topographical distribution of connections (magnitude squared 
coherence) upon mental arithmetic task performance in θ1 EEG subband 
in (A) male group and (B) female group after the full-scale russian inva-
sion. Both axes represent the complete list of EEG electrode sites used for 
recording, and each square at the intersection of two channels denotes 
the strength of coherence between them. The colorbar indicates the 
magnitude-squared coherence coefficient (range 0 to 1), with warmer 
colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05)
Picture taken by the authors
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coupling (Pz–Oz), and moderate sensorimotor ho-
motopy (C3-C4) (Fig.5, A). Women exhibited a similar 
posterior concentration with slightly reduced parietal 
interhemispheric strength and a subtle right-posterior 
tilt; long-range fronto-posterior coupling was less pro-
nounced (Fig.5, B).

With war exposure, β1 coherence showed a redistribu-
tion from posterior toward anterior networks (Fig.6). In 
men (Fig.6, A), posterior homotopic coupling decreased 
relative to pre-war levels, while frontal and fronto-tem-
poral links (including Fz-Cz and F3/F4-T3/T4) strength-
ened. The strongest residual posterior connections 
included Pz-Oz and C3-C4. Women (Fig.6, B) displayed 
a clearer attenuation of posterior interhemispheric links 
(notably P3-P4 and O1-O2), accompanied by compen-
satory increases over anterior salience/control territory 
(Fz/Cz and F4-T4). Long-range fronto-posterior coupling 
remained comparatively weak, consistent with a shift 
toward more local anterior coherence.

(P3–P4, O1–O2) with extensions into temporo-parietal 
junctions (T5/T6–P3/P4) and moderate Fz–Pz integration. 
Women (Fig.3, B) presented a similar pattern but with 
more focal right-lateral peaks (T6–P4/O2) and compar-
atively weaker long-range fronto-posterior connectivity, 
consistent with stronger local posterior clustering.

During war (Fig.4), θ2 coherence became more 
fronto-temporal. In men (Fig.4, A), bilateral frontal and 
temporal strengthening (F3/F4-T3/T4) occurred along-
side preserved, though relatively de-emphasized, pos-
terior homotopic links; the dorsal midline connectivity 
(Fz–Cz–Pz) also intensified. Women (Fig.4, B) showed 
marked right-lateral augmentation spanning T6-P4-O2 
with robust O1-O2 and P3-P4 coupling; cross-hemi-
spheric fronto-temporal connections emerged, while 
Fz-Pz remained less prominent than in men.

Posterior hubs dominated pre-war β1 coherence 
(Fig.5). Men showed strong parietal–occipital interhemi-
spheric links (P3-P4, O1-O2), stable posterior-midline 

 

 

Fig. 3. Topographical distribution of connections (magnitude squared coherence) upon mental 
arithmetic task performance in θ2 EEG subband in (A) male group and (B) female group before 
the full-scale russian invasion. Both axes represent the complete list of EEG electrode sites used 
for recording, and each square at the intersection of two channels denotes the strength of 
coherence between them. The colorbar indicates the magnitude-squared coherence coefficient 
(range 0 to 1), with warmer colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05) 

Picture taken by the authors 
 

 

 

Fig. 4. Topographical distribution of connections (magnitude squared coherence) upon mental 

arithmetic task performance in θ2 EEG subband in (A) male group and (B) female group after the 

full-scale russian invasion. Both axes represent the complete list of EEG electrode sites used for 

recording, and each square at the intersection of two channels denotes the strength of coherence 

between them. The colorbar indicates the magnitude-squared coherence coefficient (range 0 to 1), 

Fig. 3. Topographical distribution of connections (magnitude squared 
coherence) upon mental arithmetic task performance in θ2 EEG subband 
in (A) male group and (B) female group before the full-scale russian 
invasion. Both axes represent the complete list of EEG electrode sites 
used for recording, and each square at the intersection of two channels 
denotes the strength of coherence between them. The colorbar indicates 
the magnitude-squared coherence coefficient (range 0 to 1), with warm-
er colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05)
Picture taken by the authors

Fig. 4. Topographical distribution of connections (magnitude squared 
coherence) upon mental arithmetic task performance in θ2 EEG subband 
in (A) male group and (B) female group after the full-scale russian inva-
sion. Both axes represent the complete list of EEG electrode sites used for 
recording, and each square at the intersection of two channels denotes 
the strength of coherence between them. The colorbar indicates the 
magnitude-squared coherence coefficient (range 0 to 1), with warmer 
colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05)
Picture taken by the authors
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DISCUSSION
Across cohorts, the coherence maps converge on two 
network-level themes: a posterior-dominant baseline 
architecture and a stress-linked redistribution toward 
anterior control/salience networks. Pre-war, both θ and 
β ranges show robust homotopic parietal and occipital 
coupling (P3–P4, O1–O2) with a preserved dorsal mid-
line axis (Fz–Cz–Pz), a configuration consistent with 
efficient posterior association-cortex integration for 
visuospatial/attentional processing and context main-
tenance [15-17]. Reduced parietal–occipital coupling 
under load is well-known to compromise sensory inte-
gration and spatial updating, particularly when rapid, 
coordinated responses are required [17]. Stress-induced 
alterations in occipital/posterior dynamics are likewise 
expected to degrade visual information flow and sta-
bility [18].

Mechanistically, chronic threat engages neuro-
chemical and neuroendocrine cascades that perturb 

Before the war (Fig. 7), β2 coherence analysis high-
lighted sensorimotor and posterior hubs. Men (Fig.7, 
A) demonstrated strong C3-C4 and robust homotopic 
posterior links (P3-P4, O1-O2) with moderate fron-
to-central coupling (Fz-Cz). Women (Fig.7, B) retained 
prominent posterior homotopy, but with a right-lateral 
tendency (T6-P4/O2). C3-C4 connection was evident, 
yet less dominant than in men, and fronto-posterior 
midline integration remained subdued.

During war, β2 coherence shifted toward anterior con-
trol networks (Fig. 8). Men exhibited (Fig. 8, A) enhanced 
fronto-central and fronto-temporal coupling (Fz/Cz-F3/
F4-T3/T4) with reduced, but still detectable, posterior 
homotopy; the C3-C4 link persisted among the strongest. 
Women (Fig.8, B) likewise exhibited diminished posterior 
interhemispheric coupling and emergent right-weighted 
fronto-temporal coherence (F4-T4/T6), with modest in-
creases along the frontal midline and persistently weak 
long-range fronto-posterior integration.

 

 

Fig. 5. Topographical distribution of connections (magnitude squared coherence) upon mental 

arithmetic task performance in β1 EEG subband in (A) male group and (B) female group before 

the full-scale russian invasion. Both axes represent the complete list of EEG electrode sites used 

for recording, and each square at the intersection of two channels denotes the strength of coherence 

between them. The colorbar indicates the magnitude-squared coherence coefficient (range 0 to 1), 

 

 

Fig. 6. Topographical distribution of connections (magnitude squared coherence) upon mental 

arithmetic task performance in β1 EEG subband in (A) male group and (B) female group after the 

full-scale russian invasion. Both axes represent the complete list of EEG electrode sites used for 

recording, and each square at the intersection of two channels denotes the strength of coherence 

between them. The colorbar indicates the magnitude-squared coherence coefficient (range 0 to 1), 

Fig. 5. Topographical distribution of connections (magnitude squared 
coherence) upon mental arithmetic task performance in β1 EEG subband 
in (A) male group and (B) female group before the full-scale russian 
invasion. Both axes represent the complete list of EEG electrode sites 
used for recording, and each square at the intersection of two channels 
denotes the strength of coherence between them. The colorbar indicates 
the magnitude-squared coherence coefficient (range 0 to 1), with warm-
er colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05)
Picture taken by the authors

Fig. 6. Topographical distribution of connections (magnitude squared 
coherence) upon mental arithmetic task performance in β1 EEG subband 
in (A) male group and (B) female group after the full-scale russian inva-
sion. Both axes represent the complete list of EEG electrode sites used for 
recording, and each square at the intersection of two channels denotes 
the strength of coherence between them. The colorbar indicates the 
magnitude-squared coherence coefficient (range 0 to 1), with warmer 
colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05)
Picture taken by the authors
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long-range frontoposterior coupling. These patterns 
suggest increased reliance on salience appraisal, in-
teroceptive monitoring, and rapid response selection 
to sustain performance as posterior integration wanes 
[23]. In particular, engagement of the anterior insular 
cortex and putaminal circuits is consistent with mo-
bilizing affective salience and gating motor-cognitive 
responses under load [23, 24]. Right-lateral θ increases 
across temporo-parietal connections further indicate a 
bias toward emotion-laden, intuitive appraisal streams, 
which can enhance vigilance but compete with sus-
tained rule-based control [24-26].

Hippocampal interactions help explain the coexis-
tence of heightened vigilance with fatigue and dis-
tractibility. θ-linked hippocampal dynamics support the 
consolidation of emotionally salient content and con-
text updating; in women, stress-hormone modulation 
can amplify verbal/episodic contributions and shape 
coping strategies [27, 28]. As a result, right-posterior 

excitation–inhibition balance and erode large-scale 
synchrony. Excess glutamatergic drive and altered in-
hibitory tone under sustained stress impair coherent 
communication between sensory–associative hubs [19, 
20], while prolonged HPA-axis activation and cortisol 
exposure further destabilize network efficiency and 
cognitive control [21, 22]. In this context, the observed 
decrements in posterior β1/β2 homotopic links (nota-
bly P3-P4, O1-O2) in the during-war cohort provide a 
plausible readout of weakened large-scale integration 
required for visuospatial processing and stimulus-driv-
en stability.

Concurrently, the maps show compensatory anterior 
upshifts. During war, men exhibit strengthened frontal 
and frontotemporal coupling, with reinforcement along 
the dorsal midline. Women display diffuse θ strength-
ening, with maxima over the right temporoparietal and 
posterior midline regions, and emergent cross-hemi-
spheric frontotemporal links, yet persistently weaker 

 

 

Fig. 8. Topographical distribution of connections (magnitude squared coherence) upon mental 

arithmetic task performance in β2 EEG subband in (A) male group and (B) female group after the 

full-scale russian invasion. Both axes represent the complete list of EEG electrode sites used for 

recording, and each square at the intersection of two channels denotes the strength of coherence 

between them. The colorbar indicates the magnitude-squared coherence coefficient (range 0 to 1), 

 

 

Fig. 7. Topographical distribution of connections (magnitude squared coherence) upon mental 
arithmetic task performance in the β2 EEG subband in (A) male group and (B) female group 
before the full-scale russian invasion. Both axes represent the complete list of EEG electrode 
sites used for recording, and each square at the intersection of two channels denotes the strength 
of coherence between them. The colorbar indicates the magnitude-squared coherence coefficient 
(range 0 to 1), with warmer colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05) 

Picture taken by the authors 
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invasion. Both axes represent the complete list of EEG electrode sites 
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denotes the strength of coherence between them. The colorbar indicates 
the magnitude-squared coherence coefficient (range 0 to 1), with warm-
er colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05)
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Fig. 8. Topographical distribution of connections (magnitude squared 
coherence) upon mental arithmetic task performance in β2 EEG subband 
in (A) male group and (B) female group after the full-scale russian inva-
sion. Both axes represent the complete list of EEG electrode sites used for 
recording, and each square at the intersection of two channels denotes 
the strength of coherence between them. The colorbar indicates the 
magnitude-squared coherence coefficient (range 0 to 1), with warmer 
colors reflecting stronger coupling. The strong coherent connections 
(≥0.8) were validated using permutation analysis (p<0.05)
Picture taken by the authors
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contribute to stress-related adaptations. Finally, the 
reliance on a single cognitive stress-inducing paradigm 
(mental arithmetic) limits the scope of inference about 
how stress reshapes brain coordination across other 
domains of cognition and emotion. Future longitudinal 
and multimodal studies with more diverse populations 
are needed to extend and validate these findings.

CONCLUSIONS
The present findings indicate that war-related stress is 
accompanied by a systematic reweighting of functional 
coupling across large-scale cortical networks. In the 
pre-war cohort, coherence topographies in both θ and 
β ranges were dominated by robust homotopic parietal 
and occipital links, as well as a preserved dorsal midline 
axis, consistent with efficient posterior association-cor-
tex integration for visuospatial processing and context 
maintenance. Men additionally showed stronger sen-
sorimotor and long-range midline coupling, whereas 
women exhibited a mild right-posterior emphasis and 
comparatively weaker fronto-posterior integration.

During the war, coupling redistributed from posterior 
hubs toward anterior control and salience territories. In 
θ, men demonstrated strengthened fronto-temporal 
links and an accentuated dorsal midline, while women 
showed diffuse reinforcement with maxima over the 
right temporoparietal and posterior midline regions, 
as well as emergent cross-hemispheric fronto-temporal 
connections; long-range fronto-posterior integration 
remained relatively attenuated in women. In β, both 
sexes displayed reduced interhemispheric posterior 
homotopy, with men retaining residual sensorimotor 
and posterior midline strength, and women showing 
a more pronounced attenuation, accompanied by 
right-weighted anterior strengthening. Taken together, 
these patterns describe a stress-adapted yet efficien-
cy-limited regime in which anterior networks help 
preserve reactivity as posterior integration declines, 
with a more pronounced shift in women.

These topographies outline coherence-based markers 
for monitoring stress adaptation and suggest concrete 
intervention targets for further rehabilitation strategies 
development. Approaches that reinforce fronto-parietal 
coordination under load, stabilize posterior integrative 
hubs, and modulate vigilance may help restore more 
balanced large-scale coordination. Tailoring by sex-le-
veraging preserved midline and sensorimotor strengths 
in men and prioritizing long-range fronto-posterior 
integration in women may optimize outcomes. 

θ reinforcement may promote rapid appraisal at the 
expense of sustained executive stability [29]. Against 
this backdrop, vmPFC recruitment emerges as a key 
determinant: effective vmPFC coupling with posterior 
cingulate and limbic nodes buffers affective reactivity 
and supports reappraisal, thereby preserving control 
despite network inefficiency [30, 31]. Variability in vmP-
FC engagement under chronic threat likely differenti-
ates individuals who maintain cognitive efficiency from 
those who exhibit slower decision-making, increased 
fatigue, and behavioral inhibition.

Altogether, the topographies delineate a stress-adapt-
ed yet efficiency-limited regime: (i) posterior β coher-
ence decreases that index weakened large-scale inte-
gration, (ii) anterior θ and β band coherence increases 
that reflect compensatory salience and control, and 
(iii) sex-specific configurations – men retaining rela-
tively stronger dorsal midline/sensorimotor homotopy, 
women showing clearer right-posterior emphasis at 
baseline and a more substantial shift toward local an-
terior coupling during war [15, 16, 30]. From a systems 
perspective, oscillatory network state exerts a first-order 
influence on attention and cognitive throughput; as 
coupling reweights toward anterior hubs, reactivity is 
preserved but efficiency declines [32, 33].

Due to the principal deficit manifestation in reduced 
posterior β homotopy and weakened long-range fron-
to-posterior coupling – especially in women – interven-
tions that (a) train fronto-parietal coordination under 
load, (b) stabilize visuospatial/posterior integrative 
hubs, and (c) modulate vigilance (e.g., graded executive 
tasks with paced breathing/attention regulation) may 
help rebalance the system [28-31]. Program design can 
leverage preserved midline/sensorimotor strengths in 
men and prioritize long-range fronto-posterior inte-
gration in women.

Despite providing novel insights into the neuro-
dynamic correlates of chronic war-related stress, this 
study has several limitations. First, the sample size was 
relatively modest and restricted to university students 
within a narrow age range and cultural background, 
which may limit the generalizability of the findings 
to broader populations and different age cohorts. 
Second, although pre-war and wartime groups were 
compared, the cross-sectional design does not allow 
for direct causal inferences about individual neurody-
namic changes across time. Third, while EEG coherence 
is a robust measure of large-scale cortical integration, 
it cannot capture deeper subcortical dynamics or the 
full spectrum of neurochemical processes that may 
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