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Abstract

The present systematic review examined the effects of chronic stress on
functional brain connectivity across studies utilizing resting-state and task-
based fMRI approaches. Overall, the findings suggest that chronic stress is
associated with widespread alterations in neural connectivity, particularly
within fronto—limbic circuits, thalamic and salience-processing systems,
hippocampal networks, and large-scale brain systems involved in emotional
regulation and cognitive control. Collectively, the reviewed studies indicate that
chronic stress may disrupt the balance between neural systems responsible for
emotional processing, salience detection, executive functioning, and adaptive

recovery from stress.

[Keywords: chronic stress, functional connectivity, fMRI.]



The effect of chronic stress on functional connectivity: A systematic

review

Conceptual Foundations of Stress

Stress is among the most frequently encountered experiences in everyday human life and has
become a central construct in understanding adaptation and health. The modern scientific
study of stress began in 1935 when Hans Selye observed a consistent physiological pattern
(intestinal ulceration, atrophy of the thymus and lymphatic system, and enlargement or
ulceration of the adrenal cortex) in laboratory rats exposed to various harmful stimuli (Viner,
1999). He later termed this response the General Adaptation Syndrome (GAS), describing
stress as the body’s generalized, non-specific reaction to demands placed upon it. Although
Selye’s framework was criticized for lacking conceptual precision and measurable parameters
(Viner, 1999), his influential publications, Stress (1950) and The Stress of Life (1956),
established stress as a foundational concept linking physiological processes to illness and

adaptation in modern society (Viner, 1999).

Subsequent theoretical developments expanded the concept of stress beyond purely
biological mechanisms to incorporate psychological processes. Lazarus proposed that stress
arises not directly from external events, but from an individual’s cognitive appraisal of a
situation and their perceived coping resources (Lazarus et al., 1952; Lynch et al., 2022). This
perspective was later formalized in the transactional theory of stress and coping (Lazarus &
Folkman, 1984), which conceptualizes stress as a dynamic interaction between the individual
and the environment. According to this model, individuals engage in primary appraisal
(evaluating whether an event is threatening or challenging) and secondary appraisal
(assessing coping capacity). When perceived demands exceed available resources,
coordinated emotional and physiological stress responses are activated. This framework
highlights the interpretative and adaptive nature of stress, integrating psychological

evaluation with biological activation.

Stress responses are commonly categorized as acute or chronic. Acute stress refers to short-
term activation in response to immediate challenges and is generally adaptive, facilitating
survival through rapid physiological adjustments. Chronic stress, in contrast, involves
prolonged or repeated exposure to demanding circumstances, resulting in sustained
activation of regulatory systems. Two primary biological systems mediate these responses:

the autonomic nervous system (ANS) and the hypothalamic-pituitary-adrenal (HPA) axis



(McEwen & Stellar, 1993; Selye, 1984). The sympathetic branch of the ANS initiates rapid
“fight-or-flight” reactions, while the parasympathetic branch supports restorative processes
(Evans et al., 2013; McEwen, 2007). The HPA axis contributes to both acute and chronic
stress responses through hormonal regulation, particularly via cortisol release (Evans et al.,
2013; McEwen, 2007). While these systems are adaptive in the short term, persistent

activation may disrupt homeostatic balance.

Expanding on these physiological foundations, McEwen (1998) introduced the concept of
allostasis, defined as the process by which the body maintains stability through change.
Although adaptive in response to acute challenges, repeated or inefficient activation of stress
systems results in allostatic load—the cumulative biological burden associated with chronic
stress exposure (McEwen, 1998, 2005). Over time, allostatic load has been linked to
increased vulnerability to cardiovascular, metabolic, immune, and mental health disorders
(McEwen, 2005). Together, these theoretical frameworks underscore the distinction between

adaptive stress responses and the long-term dysregulation that characterizes chronic stress.

Chronic Stress and the Brain

Beyond its systemic physiological consequences, chronic stress exerts significant effects on
the brain, which plays a central role in coordinating stress responses and adaptation. Chronic
stress can disrupt neural circuitry, leading to structural plasticity and remodeling of key brain

regions involved in memory, emotion, and executive function (McEwen, 2017).

The hippocampus, vital for learning, memory, and mood regulation, appears particularly
vulnerable to chronic stress, showing dendritic shrinkage and loss of synaptic spines
(McEwen, 2016). In contrast, the amygdala exhibits region-specific adaptations; while the
medial amygdala may show dendritic shrinkage (Lau et al., 2017), the basolateral amygdala
often demonstrates dendritic expansion (Vyas et al., 2002), which is associated with
increased vigilance and emotional reactivity (Rao et al., 2012). The prefrontal cortex (PFC),
responsible for higher-order cognitive processes, can also be affected: chronic stress induces
dendritic debranching in the medial PFC (mPFC), contributing to cognitive rigidity, while
orbitofrontal neurons may show dendritic expansion (Liston & Miller, 2006; Radley et al.,

2004).

These structural changes are largely driven by mediators such as glucocorticoids and
excitatory neurotransmitters like glutamate (McEwen, 2017). While necessary for adaptive
neural remodeling, dysregulated activity of these mediators can contribute to maladaptive

plasticity and neuronal damage (Liston & Gan, 2011; Mitra & Sapolsky, 2008). Importantly,



the brain regions involved in memory, emotion and executive function (i.e., hippocampus,
amygdala, prefrontal cortex) do not act in isolation but form interconnected networks that
support emotional and cognitive regulation. Early-life experiences and epigenetic
mechanisms further shape the brain’s response to stress (McEwen, 2017). Together, these
findings highlight the importance of examining not only regional alterations but also the
functional interactions between key regions, such as the hippocampus, amygdala, and
prefrontal cortex — a perspective that motivates the study of functional connectivity in

chronic stress.
Functional connectivity and stress.

Because the hippocampus, amygdala, and prefrontal cortex do not operate in isolation but
interact dynamically, examining how these regions communicate can provide important
insights into the neural mechanisms underlying stress. One approach to investigating these
interactions is through the study of functional connectivity. Functional connectivity refers to
the statistical dependence between neural activity in different brain regions, allowing
researchers to examine functional relationships within the brain using neuroimaging
techniques such as functional magnetic resonance imaging (fMRI) and
electroencephalography (EEG). By assessing patterns of synchronized neural activity,
functional connectivity provides insight into how brain regions interact and exchange

information to support cognitive and affective processes (Feigelis & Greene, 2022).

This approach enables the investigation of coordinated activity across distributed brain
systems rather than focusing solely on isolated regions. Large-scale brain networks play a
central role in coordinating cognitive and emotional processes, and several networks have
been identified as particularly relevant in the context of stress. Among these are the default
mode network (DMN), the salience network (SN), and the executive control network (ECN).
The DMN includes regions such as the mPFC, posterior cingulate cortex (PPC), and
hippocampus, and is primarily associated with self-referential processing and internally
directed thought. The salience network, which includes the anterior insula, dorsal anterior
cingulate cortex (dACC), and amygdala, plays a critical role in detecting behaviorally relevant
stimuli and allocating attentional resources to potentially threatening environmental events.
The executive control network composed, primarily of the dorsolateral prefrontal cortex
(dIPFC) and posterior parietal cortex, supports higher-order cognitive functions such as
cognitive control and decision-making, working memory, attentional control, and goal-

directed behavior.



Previous research has reported stress-related alterations in functional connectivity within
default mode, salience and executive control networks. Alterations in DMN connectivity have
frequently been linked to rumination and other stress-related cognitive patterns (Chou et al.
2023). Van Marle et al. (2010) reported that the default mode network, which is involved in
internally directed cognition, may be suppressed under conditions of stress. Dysregulation
within the salience network has been associated with heightened threat sensitivity and
emotional reactivity under conditions of stress. For example, Hermans et al. (2011)
demonstrated that the salience network is activated during stressful situations and plays a
role in modulating emotional processing and attentional shifts. In addition, chronic stress
may disrupt connectivity within the executive control network, also sometimes called the
frontoparietal network (FPN), potentially contributing to impairments in executive
functioning. The executive network has been shown to exhibit altered connectivity under

stress conditions (Segal et al., 2025).

Anxiety disorders and early-life stress as specific stress-related

conditions

Chronic stress is a descriptive concept referring to a prolonged, ongoing stress state in which
a person feels persistently overwhelmed, pressured, or in a constant state of alert over an
extended period. The concept in itself does not, however, reveal the potential causes of
chronic stress. Chronic stress is associated with, for example, major depressive and anxiety
disorders, adverse childhood events, occupational hazards, physical health problems, and
intimate relationship issues, to name a few. Given the wide range of causes of chronic stress,
which may affect various brain networks differently, much of the research has focused on

investigating functional connectivity in specific conditions related to chronic stress.

Anxiety disorders may provide important insight into the neural consequences of prolonged
stress exposure. Individuals with anxiety disorders often experience persistent states of
heightened threat perception, hypervigilance, and sustained physiological arousal, which can
resemble prolonged activation of stress-related neural systems. As a result, anxiety has
frequently been conceptualized as involving sustained engagement of neural circuits
associated with threat detection and emotional regulation. Research examining connectivity
alterations in anxiety may therefore help illuminate broader mechanisms through which

prolonged stress exposure influences large-scale brain network organization.



Recent studies have examined functional connectivity using both fMRI and EEG approaches
in anxiety disorders and high trait anxiety (Afek, 2025). For instance, Wang et al. (2025)
reported altered frontoparietal and parieto-temporal connectivity in patients with
generalized anxiety disorder using resting-state EEG, while Langhammer et al. (2025)
observed altered resting-state connectivity between the insula, thalamus, and prefrontal
cortex across different anxiety phenotypes using resting-state fMRI (rs-fMRI). In addition,
dynamic EEG-fMRI mapping studies have begun to investigate how connectivity patterns
fluctuate across time and cognitive states (Chu et al.,, 2024). Together, these findings
highlight the growing interest in understanding how stress-related conditions influence

large-scale brain connectivity.

A meta-analysis of resting-state functional connectivity studies conducted by Xu et al. (2019)
further demonstrated that anxiety disorders are associated with consistent disruptions in
large-scale brain networks. Specifically, the analysis revealed reduced connectivity between
affective processing networks and higher-order cognitive control systems, including the
executive control network and the default mode network. In addition, connectivity between
the executive control network and the default mode network was found to be reduced,
suggesting impaired coordination between networks involved in internally directed cognition
and cognitive control. The study also reported reduced connectivity within the salience
network and between salience-processing regions and sensorimotor systems, highlighting
widespread dysregulation across networks involved in emotion processing, threat detection,

and cognitive control (Xu et al., 2018).

While anxiety disorders represent one condition characterized by persistent activation of
stress-response mechanisms, other forms of prolonged stress exposure may also influence
brain connectivity. One such form is early life stress (ELS), which refers to exposure to
adverse or stressful experiences during critical periods of development and has been widely

studied as a model of long-term stress exposure (Sacu et al., 2025).

Several studies have reported altered activity and connectivity within limbic and cognitive
control regions in individuals exposed to ELS. For example, healthy adults with a history of
early adversity have shown enhanced amygdala activation in response to negative emotional
stimuli and disrupted fronto-limbic connectivity during emotion regulation tasks (Herzberg
& Gunnar, 2020; Sacu et al.,, 2025). Beyond fronto-limbic pathways, previous research
suggests the involvement of several large-scale brain networks in emotion processing and
regulation following early life stress, including the salience network, executive control
networks, and the default mode network (Barrett & Satpute, 2013; Morawetz et al., 2020).

Investigating whole-brain connectivity across these networks rather than focusing on a



limited set of regions of interest may therefore provide a more comprehensive understanding
of the neural consequences of prolonged stress exposure. Most evidence for disrupted large-
scale network connectivity following early life stress has emerged from the resting-state fMRI
literature, with several studies reporting altered connectivity patterns across large-scale brain

networks in individuals exposed to adversity (for review, see Holz et al. 2023).

Taken together, these findings suggest that prolonged engagement of stress-related neural
systems, such as in anxiety disorders or early-life stress, may be associated with alterations in
large-scale brain network organization and highlight the importance of examining how

chronic stress influences the functional organization of large-scale brain networks.

Aim of the study

Existing evidence suggests that stress can influence the structure and function of brain
regions involved in emotional and cognitive regulation. Increasingly, research has begun to
examine these effects at the level of large-scale brain networks using functional connectivity
approaches. However, much of the current literature has focused on acute stress paradigms
or specific clinical populations, while the general effects of prolonged or chronic stress
exposure on functional brain connectivity remain less clearly understood. Furthermore,
findings across studies vary in terms of methodologies, stress measures, and the brain
networks investigated, and, despite growing interest in this area, evidence remains
fragmented across studies and methodologies. Therefore, a systematic synthesis of research
examining functional connectivity under conditions of chronic stress is needed to better

understand the shared neural mechanisms underlying prolonged stress exposure.

The aim of the present study is to systematically review the existing literature examining the
effects of chronic stress on functional connectivity in the human brain as measured by
functional magnetic resonance imaging. Specifically, this review seeks to identify patterns of
connectivity alterations associated with chronic stress exposure and to summarize the brain
networks most consistently implicated across studies and populations. By synthesizing
current evidence, this review aims to provide a clearer understanding of how chronic stress
may generally influence large-scale brain network organization and contribute to cognitive

and emotional outcomes.



Methods
Eligibility Criteria

This study was conducted as a systematic review to examine the effects of chronic stress on
functional connectivity in the human brain. The review included peer-reviewed original
research articles investigating functional connectivity using functional magnetic resonance
imaging (fMRI).

Studies were eligible for inclusion if they met the following criteria. Only articles written in
English and published as peer-reviewed original research were considered. The review
focused on studies involving adult human participants experiencing chronic stress or with
long-term stress exposure. Eligible studies were required to include an appropriate
comparison group (e.g. non-stressed controls) and to assess functional connectivity outcomes
using functional magnetic resonance imaging (fMRI), either during task-related paradigms

or at resting state.

Studies were excluded if they were not written in English, were not peer-reviewed, or were
not original research articles. Review papers, theoretical articles, and case studies were
therefore excluded. Additionally, studies involving animal models were not considered.
Articles were also excluded if they did not involve adult participants, did not examine chronic

stress or stress exposure, or did not measure functional connectivity using fMRI.
Search Strategy

A systematic literature search was conducted using the databases MEDLINE (via EBSCO)
and Web of Science. The search strategy included combinations of keywords related to

chronic stress and functional connectivity.
The following search string was used in both databases:

("chronic stress" OR "life stress" OR "stress exposure" OR "stressful life events" OR
"allostatic load") AND (MRI OR "magnetic resonance imaging" OR fMRI OR "functional
MRI" OR connectivity OR "functional connectivity" OR '"resting-state functional

connectivity") NOT animal

The search provided 71 studies from MEDLINE and 84 studies from Web of Science.



Study Selection

All retrieved studies were screened in two stages. After duplicate removal, in the first stage
titles and abstracts were reviewed to identify potentially relevant articles. In the second stage,
full-text articles were examined to determine whether they met the inclusion criteria,

resulting in nine studies being included in the final review.

After full-text screening, nine studies were included in the present review. The screening was
conducted independently by the author. In cases of uncertainty regarding study eligibility,
the thesis supervisor was consulted. The flow of the search and screening process is

illustrated in Figure 1.



Figure 1. PRISMA flow chart
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Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., Shamseer, L.,
Tetzlaff, J. M., AKl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hrdébjartsson, A.,
Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S., McGuinness, L. A., ... Moher, D.
(2021). The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ,
372, Article n771. https://doi.org/10.1136/bmj.n71

Results

This systematic review examined the effects of chronic stress on functional brain

connectivity.

Study Characteristics



The included studies varied considerably in sample size, participant characteristics, stress
assessment methods, and neuroimaging approaches. Seven studies employed resting-state
functional magnetic resonance imaging (rs-fMRI) to assess functional connectivity, whereas

two used task-based paradigms. For details of study paradigms and key findings, see Table 1.

Sample sizes ranged from 21 to 544 participants. The largest study was conducted by
Langhammer et al. (2024), which included 544 participants (439 patients with anxiety
disorders and 105 healthy controls), whereas the smallest study by Chen et al. (2019)
included 21 college students but employed a longitudinal within-subject design. Other studies
included participants from a longitudinal birth cohort (Sacu et al., 2025), healthy adult
populations (Chen et al., 2026; Serrano et al., 2026), individuals with high chronic stress
(Choi & Kim, 2025), and participants across varying levels of early life stress and psychiatric
health (Philip et al., 2016). Clinical populations included patients with panic disorder,
agoraphobia, social anxiety disorder, specific phobia (Langhammer et al., 2024; Wang et al.,

2024), and post-traumatic stress disorder (Nicholson et al., 2016).

Chronic stress was assessed using developmental, perceived, and experimental measures.
Childhood and developmental stress were commonly evaluated using the Childhood Trauma
Questionnaire (CTQ) and the Modified Munich Event List (Nicholson et al., 2016; Philip et
al., 2016), while Sacu et al. (2025) examined stressful life events from the prenatal period
through adolescence. Perceived and chronic stress were primarily measured using the
Perceived Stress Scale (PSS) (Chen et al., 2026; Choi & Kim, 2025; Serrano et al., 2026), the
Trier Inventory for Chronic Stress (TICS) (Serrano et al., 2026), and the Student-Life Stress
Inventory (SLSI) during examination periods (Chen et al., 2019). Daily and acute stressors
were additionally assessed using the Hassles and Uplifts Scale (HUS) and the Montreal
Imaging Stress Task (MIST) (Choi & Kim, 2025; Chen et al., 2026; Serrano et al., 2026).

All included studies used 3 Tesla (3T) MRI scanners and focused primarily on functional
connectivity. Seven studies used resting-state fMRI to investigate intrinsic connectivity
within large-scale brain networks such as the default mode network, salience network, and
frontoparietal network (Langhammer et al., 2024; Chen et al.,, 2019; Chen et al., 2026;
Nicholson et al., 2016; Philip et al., 2016; Serrano et al., 2026; Wang et al., 2024). Two
studies employed task-based fMRI paradigms to examine stress-related connectivity changes
during active experimental conditions. Sacu et al. (2025) used an emotion regulation task to
assess task-dependent directed functional connectivity, whereas Choi & Kim (2025)
employed the Montreal Imaging Stress Task (MIST) to investigate connectivity changes

across stress-induction and recovery phases under psychosocial stress conditions.



Several specialized analytical approaches were also used across studies. Seed-based analyses
were commonly applied to investigate specific regional connections, particularly
hippocampal subregions and amygdala—prefrontal pathways (Chen et al., 2019; Chen et al.,
2026; Serrano et al., 2026; Wang et al., 2024). In addition, some studies employed region-of-
interest (ROI)-to—ROI connectivity analyses, calculating pairwise correlations between
predefined brain regions or large-scale networks such as the salience, default mode, and
frontoparietal networks (Langhammer et al., 2024; Choi & Kim, 2025). Philip et al. (2016)
used Global-Based Connectivity (GBC), a data-driven approach that assesses the connectivity
of each voxel with the rest of the brain. Serrano et al. (2026) further employed manual

segmentation of amygdala subregions using high-resolution T2-weighted structural scans.

Functional Connectivity Findings

Fronto—Limbic Connectivity

Across studies, chronic stress was consistently associated with alterations in fronto—limbic
connectivity, particularly between the prefrontal cortex and the amygdala. Several studies
reported reduced functional connectivity within this circuit (see Table 1), suggesting impaired
top-down regulation of emotional processing. For example, reduced connectivity between the
dorsolateral and dorsomedial PFC and the amygdala was observed in individuals with panic
disorder, with these alterations correlating with symptom severity (Wang et al., 2024).
Similarly, reduced connectivity between the amygdala and prefrontal regions, including the
dorsolateral PFC and frontopolar cortex, was associated with higher levels of perceived stress

and anxiety (Serrano et al., 2026).

Alterations in ventromedial prefrontal cortex (vmPFC) connectivity were also observed in
relation to stress regulation. Individuals with high levels of chronic stress exhibited blunted
changes in vimPFC—amygdala and vmPFC—-hippocampus connectivity following acute stress
task (MIST), suggesting reduced neural flexibility and impaired recovery processes (Chen et
al., 2026). In contrast, individuals with lower chronic stress showed dynamic modulation of

these circuits across acute stress task and recovery phases.

Hippocampal Connectivity

Chronic stress was also associated with alterations in hippocampal connectivity, particularly
within subregions involved in memory processing. Increased connectivity between
hippocampal subregions (CA23DG) and regions such as the caudate and precuneus was
observed under conditions of high academic stress (final examination week), while decreased

connectivity between the subicular complex and frontal and parietal regions was also



reported (Chen et al., 2019). These connectivity changes were negatively associated with
prospective memory performance, suggesting a neural mechanism underlying stress-related

cognitive impairments.

Thalamic and Salience Network Alterations

Several studies identified the thalamus and salience-related regions as key nodes affected by
stress. Increased connectivity between the thalamus and posterior insula was observed across
various anxiety disorders, indicating a shared connectivity signature related to heightened
sensory and interoceptive processing (Langhammer et al., 2024). In addition, increased
connectivity within thalamo-cortical circuits, including connections with the amygdala and
hippocampus, was particularly pronounced in panic disorder and agoraphobia (Langhammer

et al., 2024).

Early life stress was also associated with increased global connectivity of the thalamus,
suggesting widespread alterations in its integration within large-scale brain networks (Philip
et al., 2016). However, reduced connectivity between the thalamus and salience network
regions, such as the dorsal anterior cingulate cortex, was observed in individuals with
trauma-related disorders as a consequence of early life stress, but not in individuals with ELS

who showed no psychiatric symptoms.

Altered insula—amygdala connectivity was also reported in individuals with post-traumatic
stress disorder, with increased connectivity particularly evident in both dissociative and non-
dissociative subtypes, reflecting heightened integration of interoceptive and emotional

processing systems (Nicholson et al., 2016).

Large-Scale Network Reconfiguration

At the network level, chronic stress was associated with dynamic changes in interactions
between large-scale brain systems. Increased connectivity between the salience network and
the dorsal attention network during acute stress exposure (MIST) was observed, reflecting
enhanced attentional engagement and emotional processing (Choi & Kim, 2025). During
recovery from acute stress, increased connectivity between the default mode network and the
frontoparietal network was reported, suggesting attempts to restore cognitive and emotional

balance.

However, persistent activation of the salience network into the recovery phase was also
observed, indicating sustained hypervigilance in chronically stressed individuals (Choi &

Kim, 2025). Longitudinal evidence further demonstrated that early stress exposure,



particularly during prenatal and childhood periods, was associated with reduced connectivity
between subcortical regions and higher-order cognitive networks, including the default mode
and frontoparietal networks (Sacu et al., 2025). In contrast, stress experienced during
adolescence was associated with increased connectivity between salience and cognitive

control networks.

Summary of Findings

Across the included studies, several consistent patterns of functional connectivity alterations
associated with chronic stress emerged. The most prominent findings involved disruptions in
fronto—limbic connectivity, particularly reduced connectivity between the prefrontal cortex
and the amygdala, suggesting impaired top-down regulation of emotional processing.
Alterations in hippocampal connectivity were also observed, with changes in subregional

networks associated with deficits in memory performance.

In addition, the thalamus and salience-related regions appeared to play a central role, with
evidence of increased thalamic connectivity and altered interactions within salience-
processing circuits, indicating heightened sensitivity to internal and external stress-related
stimuli. At the level of large-scale brain networks, chronic stress was associated with changes
in connectivity between the salience, default mode, and frontoparietal networks, reflecting
disruptions in the balance between emotional processing, self-referential thought, and

cognitive control.

Overall, these findings suggest that chronic stress is associated with widespread alterations in
functional brain connectivity, particularly within networks involved in emotion regulation,

threat detection, and executive functioning.

Authors Sample Sample Comparison / Functional

(year) Size characteristics Control group / connectivity findings

Intervention

characteristics




Chen et al. N=21 Right-handed Longitudinal Increased
college freshmen (11 | within-subject functional
(2019) male, 10 female; design comparing connectivity (FC)
age= 19.9 years) baseline (1 month between the
with moderate stress | before CA23DG
levels. examinations) with | hippocampal
chronic academic subregion and the
stress during final | bilateral caudate
examination week | and precuneus
during stress.
Decreased FC
between the
subicular complex
(SUBC) and the left
middle frontal
gyrus, left inferior
parietal gyrus, and
right
supramarginal
gyrus.
Chen et al. | N=87 Mean age = 30.5 Quasi-experimental | Increased vimPFC-
years (range 25—37); | design; high vs.low | amygdala and
(2026) ~49% female; chronic stress (PSS- | vimPFC-
healthy adults; non- | based groups); hippocampus
clinical; no acute stress connectivity during
psychiatric/neurolog | induction via acute stress,
ical disorders MIST; baseline, followed by
stress, and recovery | decreases during
phases recovery (dynamic
connectivity); low
chronic stress
showed
pronounced
dynamic
connectivity,
whereas high
chronic stress
showed blunted
connectivity
(minimal change
across phases).
Choi & Kim | N=36 Healthy right- Within-subject Increased within
handed adults, aged | design; stress salience network
(2025) induction via connectivity

20—-39 years (M =
27.8, SD = 2.6); high
perceived stress
(PSS = 19); no
psychiatric/neurolog
ical disorders; no
psychotropic
medication use

(MIST; timed
arithmetic with
negative feedback);
control (non-stress
arithmetic); rest
and recovery
phases

(anterior insula,
anterior cingulate
cortex, rostral
prefrontal cortex)
during stress;
increased
connectivity
between salience,
dorsal attention,
and frontoparietal
networks;
decreased default




mode network
activity; persistent
salience network
connectivity during
recovery; increased

connectivity
between default
mode and
frontoparietal
networks during
recovery
Langham | N=544 Adults with anxiety Case-control Increased insula-
disorders (*PD/AG, | design; anxiety thalamus
mer et al. SAD, SP) (n=439) disorder groups vs. | connectivity in
and healthy controls | healthy controls; anxiety disorders
(2025) (n=105); multicenter | pre-treatment vs. controls;
clinical sample; resting-state fMRI; | panic/agoraphobia
mean age = 29.7 ROI-to-ROI showed increased
years (patients) and | connectivity subcortical-cortical
32.0 years ( healthy | analysis connectivity
controls); (insula, amygdala,
predominantly hippocampus-
female (65.8%, thalamus) and
higher in specific decreased
phobia); patients dorsomedial
with long-standing prefrontal
disorders (mean cortex/periaqueduc
duration ~17.7 years; tal gray-anterior
~1.9 diagnoses); cingulate cortex
control groups free connectivity; social
of psychiatric, anxiety showed
neurological, or decreased insula-
medical conditions orbitofrontal cortex
connectivity; no
significant effects
for specific phobia
Nicholson | N=101 61 patients with Cross-sectional Increased insula—
PTSD (44 non- comparison amygdala FC in
et al. dissociative subtype; | between PTSD both PTSD groups
17 dissociative subtypes and relative to controls.
(2016) subtype) and 40 healthy controls The dissociative
healthy controls PTSD subtype
showed greater FC
between insula
subregions and the
left basolateral
amygdala
compared to the
non-dissociative
subtype.
Philip et N=46 18 healthy controls Transdiagnostic Greater ELS
without early life dimensional design | severity predicted
al. (2016) stress (ELS), 14 examining the increased global-

individuals with ELS
without psychiatric
disorders, and 14
individuals with
ELS-related

relationship
between ELS
severity and global
brain connectivity
across clinical and

based connectivity
(GBC) of the left
thalamus.
Individuals with
ELS-related
psychiatric




MDD/PTSD

non-clinical groups

disorders showed
reduced FC
between the
thalamus and
salience network
regions,
particularly the
dorsal anterior
cingulate cortex.

Sacuetal. | N= 161 Mean age = 32.2 (SD | Observational Timing of stress
(2025) = 0.29); 54% female; | longitudinal design; | exposure predicted
longitudinal cohort; | stress measured adult functional
Total 161 across connectivity;
participants- 21 with | development; fMRI | prenatal/childhood
psychopathology. emotion regulation | stress linked to
task; controlled for | reduced
sex and current subcortical-
stress cognitive
connectivity;
adolescence stress
associated with
increased salience-
cognitive network
connectivity; no
significant effects
for early infancy
stress
Serrano et | N=39 Healthy adults from | Dimensional design | Higher anxiety and
the general examining perceived stress
al. (2026) population (26 associations were associated
female, 13 male; age | between FC and with reduced FC
range 19—55 years) measures of between the
without psychiatric | chronic stress, amygdala and the
disorders perceived stress, right dorsolateral
anxiety, depression, | prefrontal cortex
and daily stressors | (dIPFC) and
frontopolar cortex.
Chronic stress
related to social
overload was
associated with
reduced FC
between the left
amygdala and
subgenual medial
prefrontal cortex
(mPFC), as well as
sensorimotor
regions.
Wang et N=51 26 untreated Cross-sectional Patients with panic
patients with panic comparison disorder showed
al. (2024) disorder and 25 between panic reduced resting-

matched healthy
controls

disorder patients
and healthy
controls

state FC between
the amygdala and
prefrontal cortex
regions, including
the dorsolateral
PFC (dIPFC) and
dorsomedial PFC




(dmPFC). Reduced
connectivity was
associated with
panic symptom
severity and
mediated the
relationship
between impaired
cognitive
reappraisal and
panic symptoms.

*Note: AD= Anxiety Disorder PD=Panic Disorder, AG= Agoraphobia, SAD= Social Anxiety
Disorder, SP= Specific Phobia, MIST=Montreal Imaging Stress Task, PSS= Perceived Stress

Scale, HC= Health Controls

Discussion

Fronto—Limbic Dysregulation and Emotional Regulation

One of the most consistent findings across the reviewed studies was the disruption of
cortico—limbic connectivity, particularly between prefrontal regions and the amygdala. These
alterations suggest that chronic stress may impair neural pathways involved in top-down
emotional regulation, contributing to heightened emotional reactivity and anxiety-related

symptoms.

Several studies reported weakened functional connectivity between the prefrontal cortex
(PFC) and the amygdala under conditions of chronic stress and anxiety-related
psychopathology. Wang et al. (2024) found significantly reduced resting-state functional
connectivity (rsFC) between the dIPFC/dmPFC and the amygdala in individuals with panic
disorder, with weaker connectivity associated with greater panic symptom severity and
poorer cognitive reappraisal abilities. Similarly, Serrano et al. (2026) demonstrated that
higher levels of perceived stress and anxiety in healthy adults were associated with reduced
connectivity between the amygdala and prefrontal regulatory regions. These findings suggest
that stress-related fronto—limbic dysregulation may emerge even before clinically significant

psychopathology develops.

The observed weakening of prefrontal-amygdala pathways aligns with neurobiological
models of chronic stress and allostatic load, which propose that prolonged stress exposure

compromises regulatory cortical systems while increasing limbic responsivity. Reduced



inhibitory control over the amygdala may therefore contribute to hypervigilance, emotional

dysregulation, and maladaptive stress responding.

In contrast, Nicholson et al. (2016) reported increased connectivity between insular
subregions and the basolateral amygdala in individuals with PTSD, particularly within the
dissociative subtype. Although the direction of connectivity alterations differed across
disorders, the findings collectively support the notion that chronic stress disrupts fronto—

limbic circuitry involved in emotional regulation and threat processing.

Thalamic Hyperconnectivity and Salience Processing

Another important finding across the reviewed studies was the central role of the thalamus in
stress-related functional connectivity alterations. The findings suggest that chronic stress
may alter the synchronization of thalamic networks with broader systems involved in salience
detection, sensory integration, and autonomic processing (Langhammer et al., 2024; Philip

et al., 2016).

Langhammer et al. (2024) identified increased connectivity between the right thalamus and
posterior insula across several anxiety disorders, suggesting enhanced integration of sensory
and interoceptive signals associated with heightened bodily awareness and autonomic
arousal. Similarly, Philip et al. (2016) found that greater severity of early life stress predicted
increased global-based connectivity of the left thalamus, indicating broader thalamic

synchronization with the rest of the brain.

Interestingly, individuals with early life stress who also developed psychiatric disorders
showed reduced connectivity between the thalamus and salience-processing regions such as
the dorsal anterior cingulate cortex (Philip et al., 2016). This may suggest that while stress
exposure initially increases thalamic integration, the development of psychopathology may

involve disruptions in communication between salience and regulatory systems.

Taken together, these findings support the idea that altered thalamic connectivity may
contribute to heightened vigilance, increased sensitivity to stress-related stimuli, and

dysregulated autonomic processing under chronic stress conditions.

Hippocampal Connectivity and Cognitive Impairment

The reviewed findings also indicate that chronic stress is associated with alterations in

hippocampal connectivity, particularly within subregions involved in memory processing and



stress regulation. Given the hippocampus’ sensitivity to glucocorticoid exposure, these

alterations may contribute to both cognitive impairments and maladaptive stress responses.

Chen et al. (2019) demonstrated that academic stress was associated with distinct
hippocampal subregion connectivity changes, including increased connectivity between the
CA23DG subregion and bilateral caudate and precuneus regions, alongside decreased
connectivity between the subicular complex and frontoparietal regions. Importantly, these

alterations were negatively associated with prospective memory performance.

In addition to altered hippocampal connectivity, chronic stress also appeared to impair
neural recovery processes. Chen et al. (2026) found that individuals with high chronic stress
exhibited blunted vmPFC-hippocampal connectivity changes during stress recovery,

suggesting reduced neural flexibility and impaired adaptation following stress exposure.

These findings suggest that chronic stress may impair not only memory-related processes but

also the brain’s ability to efficiently transition between stress and recovery states.

Large-Scale Network Reconfiguration and Neural Flexibility

At the level of large-scale brain systems, chronic stress was associated with altered
interactions between networks involved in salience detection, cognitive control, and
internally directed thought. In particular, the reviewed studies suggest that chronic stress

may impair the brain’s ability to flexibly shift between states of alertness and homeostasis.

Choi and Kim (2025) demonstrated that chronically stressed individuals exhibited persistent
salience network activation even during recovery following stress exposure. This persistence
may reflect sustained threat monitoring and impaired disengagement from stress-related
processing. Similarly, Sacu et al. (2025) found that the developmental timing of stress
exposure influenced long-term network organization, with prenatal and childhood stress
associated with reduced connectivity between subcortical and cognitive systems, whereas

adolescent stress was associated with increased salience-to-cognitive connectivity.

Collectively, these findings suggest that chronic stress may alter the brain’s capacity to
appropriately distinguish between threat and safety states, contributing to sustained

hypervigilance, emotional exhaustion, and reduced adaptive flexibility.



Importance of Functional Connectivity in Chronic Stress Research

An important theme emerging from the reviewed studies concerns the broader significance of
functional connectivity for understanding how chronic stress affects the brain. Rather than
focusing solely on isolated brain regions, functional connectivity approaches allow
researchers to examine how stress alters communication between neural systems involved in

emotional regulation, cognitive control, salience detection, and stress recovery.

Several studies suggested that functional connectivity provides mechanistic explanations for
stress-related behavioral impairments. For example, weakened prefrontal-amygdala
connectivity may explain difficulties in emotional regulation, whereas hippocampal
connectivity disruptions may underlie stress-related memory impairments (Chen et al., 2019;
Wang et al., 2024). Functional connectivity analyses may therefore reveal network-level

dysfunctions that are not detectable through structural imaging alone.

The reviewed literature also highlighted the potential value of resting-state functional
connectivity as a biomarker and theranostic indicator. Connectivity patterns may help
identify vulnerability to stress-related psychopathology, distinguish between psychiatric
phenotypes, and monitor neuroplastic changes during treatment and recovery (Langhammer

et al., 2024; Nicholson et al., 2016).

Another important discussion concerns whether stress-related connectivity alterations
represent shared transdiagnostic mechanisms or disorder-specific abnormalities. While some
studies identified common connectivity signatures across disorders, others emphasized
categorical differences between diagnostic groups (Langhammer et al., 2024; Philip et al,,
2016). These findings suggest that chronic stress may produce both generalized and disorder-

specific neural alterations.

Importantly, recent research increasingly conceptualizes functional connectivity as a dynamic
process rather than a static neural trait. Chronic stress appears to impair the brain’s ability to
flexibly transition between stress and recovery states, resulting in persistent salience

processing and reduced neural adaptability (Chen et al., 2026; Choi & Kim, 2025).

Targeted Interventions and Clinical Applications

Identifying stress-related functional connectivity alterations may contribute to the
development of targeted interventions aimed at restoring functional balance within neural

networks involved in emotional regulation and stress recovery.



Several studies discussed cognitive and behavioral interventions designed to strengthen
impaired prefrontal regulatory pathways. Cognitive reappraisal training, cognitive behavioral
therapy (CBT), and exposure-based interventions were proposed as approaches capable of
enhancing top-down prefrontal regulation of limbic systems and reducing maladaptive stress

responses (Langhammer et al., 2024; Wang et al., 2024).

Neuromodulation approaches were also highlighted as potential interventions for directly
targeting dysfunctional neural circuits. Real-time fMRI neurofeedback and repetitive
transcranial magnetic stimulation (rTMS) may help restore regulatory balance within fronto—
limbic systems by modulating activity in regions such as the amygdala, insula, and prefrontal

cortex (Nicholson et al., 2016; Wang et al., 2024).

In addition, physiological interventions targeting autonomic regulation, including relaxation
and breathing-based techniques, may help normalize disrupted communication between
emotional and interoceptive systems (Serrano et al., 2026). Future interventions may also
target maladaptive salience network persistence in chronically stressed individuals in order

to improve recovery from stress exposure.

Overall, functional connectivity research may support the development of more personalized
and neuroscience-informed interventions by identifying the specific neural systems disrupted

in different individuals and stress-related conditions.
Strengths and Limitations

Several limitations of the present systematic review should be acknowledged. First, the
number of included studies was relatively small, with only nine studies meeting the inclusion
criteria. In addition, substantial heterogeneity existed across studies in stress assessment
methods, participant populations, and functional connectivity analytical approaches. The
reviewed studies included both clinical and non-clinical populations and examined multiple
forms of chronic stress, including early life stress, perceived stress, academic stress, and
anxiety-related psychopathology. Although this diversity allowed for a broader examination
of chronic stress-related connectivity alterations, it also complicated direct comparisons

across studies.

Another important limitation concerns the predominance of cross-sectional designs which
limits conclusions regarding causality. It remains unclear whether altered connectivity
: <« » : .
patterns represent acquired “neural scars” resulting from chronic stress exposure or pre-

existing neural vulnerabilities that increase susceptibility to psychopathology. Longitudinal



research is therefore needed to clarify the temporal relationship between stress exposure and

connectivity alterations.

Variability in imaging methodologies and analytical techniques also presented challenges.
Differences in resting-state versus task-based paradigms, seed-based versus whole-brain
analyses, and selected regions of interest may have contributed to inconsistencies across

findings.

Despite these limitations, the present review also has several strengths. The review followed a
systematic methodology and integrated findings across multiple chronic stress models,
including both clinical and non-clinical populations. Furthermore, the inclusion of both
resting-state and task-based fMRI studies provided a broader understanding of how chronic

stress affects both intrinsic and context-dependent neural connectivity.
Future Directions

Future research should prioritize longitudinal study designs in order to clarify the causal
relationship between chronic stress and functional connectivity alterations. Longitudinal
approaches may help determine whether disrupted connectivity patterns represent acquired
“neural scars” resulting from prolonged stress exposure or whether they reflect pre-existing
neural characteristics associated with increased vulnerability to stress-related

psychopathology.

Future studies would also benefit from larger and more diverse participant samples, as well
as greater methodological consistency regarding stress assessment tools and connectivity
analytical approaches. Such improvements may facilitate more reliable comparisons across

studies.

In addition, future research should increasingly examine dynamic functional connectivity
and network flexibility across stress and recovery phases rather than relying solely on static
connectivity measures. Combining fMRI with additional neuroimaging techniques such as
EEG may also provide a more comprehensive understanding of the temporal and spatial

dynamics of stress-related neural alterations.

Finally, future investigations should continue exploring how the developmental timing of

stress exposure influences brain connectivity across the lifespan. A better understanding of



these mechanisms may contribute to the development of more personalized and targeted

interventions aimed at restoring functional balance within stress-related neural networks.

Conclusion

Chronic stress-related alterations in functional connectivity represent a significant area of
investigation for understanding how chronic stress influences brain function. The current
body of research suggests that persistent stress may disrupt functional communication
between large-scale brain networks, thereby influencing cognitive, emotional, and perceptual
processing. These disruptions may contribute to the development of psychopathological
conditions, including depressive and anxiety disorders, by altering how individuals process

and respond to environmental stimuli.

In addition to their psychological consequences, stress-related alterations in functional
connectivity may also have important implications for physical health, potentially reflecting
the broader physiological burden associated with prolonged activation of stress-related
neural systems. Taken together, these findings highlight the relevance of functional
connectivity as a framework for understanding how chronic stress can shape brain

organization and influence both mental and physical well-being.

Importantly, altered functional connectivity may also influence subjective experience by
reshaping how internal and external stimuli are integrated and interpreted. Disruptions in
the coordination between networks involved in salience detection, self-referential processing,
and cognitive control may contribute to biased threat appraisal, altered emotional meaning-
making, and a fundamentally changed perception of everyday experiences. Although often
discussed at the neural level, these changes may have substantial consequences for an
individual’s lived experience and quality of life, which may be underrepresented in clinical
and research contexts of stress-related dysfunction. Overall, future longitudinal research will
be essential to clarify how functional connectivity evolves across stages of chronic stress

exposure and to inform the development of targeted interventions.
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