
Irritability, Glutamate, and Brain Dysconnectivity

1. Introduction

Irritability, bio-energetic dysfunction, glutamate excitotoxicity, and emotion dysregulation are linked to hyper- and hypo-
connected brains through a shared systems-level pathway: disturbances in excitatory/inhibitory balance and cellular
energy handling alter fronto-limbic, salience, default mode, and executive networks that govern emotional reactivity and
control. Across neurodevelopmental and psychiatric disorders, the most repeated pattern is not one uniform direction of
connectivity change, but coupled limbic hyperreactivity or hyperconnectivity with prefrontal hypoactivity,
hypoconnectivity, or weakened top-down control, especially in circuits linking amygdala, hippocampus, anterior
cingulate, insula, and prefrontal cortex (McTeague et al., 2020; Durdurak et al., 2025; Kebets et al., 2020).

Irritability fits this framework as an early, transdiagnostic behavioral signal of atypical network coordination across
emotion, attention, reward, and cognitive-control systems (Nielsen et al., 2021). Glutamatergic dysregulation provides one
candidate mechanism because excess or poorly regulated glutamate can drive calcium overload, oxidative stress,
mitochondrial dysfunction, dendritic atrophy, synaptic loss, and eventually altered large-scale connectivity (Nicosia et al.,
2024; Olloquequi et al., 2018; Haroon et al., 2016). Bioenergetic impairment likely modulates the same circuitry because
strong within-network coupling and normal anticorrelation between networks depend on adequate energy production,
and these relationships weaken in psychotic and mood disorders (Song et al., 2020; Niu et al., 2026).

Are irritability, bioenergetic dysfunction, glutamate dysregulation, and emotion dysregulation linked to hyper- and
hypoconnected brain networks in neurodevelopmental and psychiatric disorders?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1  Consensus on linked mechanisms of brain dysconnectivity

2. Methods

This deep search synthesized evidence from Consensus, which searches more than 170 million research papers across
Semantic Scholar, PubMed, and other sources. The workflow identified 775 directly matched papers, expanded through
citation crawling and targeted related searches, screened 230 papers with machine-learned relevance filtering, retained
160 eligible papers after deduplication and thresholding, and included the 50 most relevant papers for final synthesis.

Search Strategy

32.3M

Retrieved

21 searches

1 citation graph use

All papers retrieved from 21 searches and 1
citation graph use.

2.1K

Eligible

Papers meeting relevance and quality
criteria, after deduplication

50

Included

Top papers selected to be included in the
final analysis

FIGURE 2  Deep search screening and inclusion workflow

Searches combined irritability, emotion dysregulation, glutamate, excitatory-inhibitory balance, bioenergetics, and
functional connectivity across developmental and psychiatric disorders.
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3. Results

3.1 Key Papers

Several papers anchor this literature because they directly connect neurotransmission, network dysfunction, and
transdiagnostic emotional symptoms. Foundational reviews tie glutamate and GABA abnormalities to altered connectivity
in depression and stress disorders, while transdiagnostic meta-analyses define the recurring fronto-limbic pattern of limbic
hyperactivation plus prefrontal hypoactivation across diagnoses (Duman et al., 2019; McTeague et al., 2020). Other key
studies extend that framework to irritability, bioenergetics, and developmental psychopathology (Nielsen et al., 2021; Song
et al., 2020; Wakschlag et al., 2017).

Paper Summary

(Durdurak et al.,
2025)

Depression links glutamate/GABA deficits to altered connectivity (Duman et al., 2019)

(Wakschlag et al.,
2017)

Transdiagnostic emotional circuits show limbic hyper- and prefrontal hypoactivation (McTeague
et al., 2020)

(Baskerville et al.,
2023)

Bioenergetic impairment tracks abnormal network coupling in psychosis (Song et al., 2020)

FIGURE 3  Key anchor papers in this literature

3.2 Irritability and Emotion Networks

Irritability is consistently framed as a transdiagnostic, developmentally early phenotype linked to atypical coordination of
emotion-generation, attention, reward, and cognitive-control networks (Nielsen et al., 2021; Liuzzi et al., 2023). In early to
middle childhood, higher irritability is associated cross-sectionally with greater amygdala–posterior cingulate connectivity,
while early irritability predicts later decreases in amygdala and ventral striatum connectivity with frontal and parietal
regions, suggesting a shift from early hyperconnectivity in salience/self-referential circuits toward impaired maturation of
regulatory circuits (Liuzzi et al., 2023).

In adolescents, irritability is associated with less gray matter volume and less inhibitory-control activation in frontal and
temporal cortex (Chaarani et al., 2020). In preadolescents, persistent irritability can be predicted from altered reward-
related connectivity, with increased contralateral fronto-amygdala coupling and decreased ipsilateral ventral striatal–
insula coupling (Wariri et al., 2026). This developmental spread supports the idea that irritability is not tied to one static
network lesion but to age-dependent dysmaturation of fronto-limbic and reward-control connectivity (Nielsen et al., 2021).

3.3 Glutamate, Excitotoxicity, and Connectivity

Dimension Hyperconnected State Hypoconnected State Citations

Acute
stress/trauma

Excess glutamate
release

Later dendritic loss (Weis et al., 2021)

Mood disorders Limbic overactivity PFC/hippocampal deficits (Duman et al., 2019)

Psychosis Altered positive FC Reduced anticorrelation (Maximo et al., 2024)
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Dimension Hyperconnected State Hypoconnected State Citations

Epilepsy/TBI Hyperexcitability,
rewiring

Synaptic integrity loss (Gruenbaum et al., 2024)

ASD/NDDs E/I shift toward
excitation

Malformed circuit
remodeling

(Moretto et al., 2017; Madia et al.,
2025)

FIGURE 4  How glutamate relates to opposite connectivity states

The literature supports a staged model rather than a simple “more glutamate equals more connectivity” rule. Excess
glutamate can initially produce hyperexcitability and hyperconnectivity, but persistent exposure degrades synaptic fidelity,
dendritic architecture, and network integrity, yielding later hypoconnectivity or hypofunction (Nicosia et al., 2024; Weis et
al., 2021; Gruenbaum et al., 2024; Haroon et al., 2016). A key caveat is that excitotoxicity is broader than extracellular
glutamate concentration alone; receptor sensitivity, ionic selectivity, pathological synaptic potentiation, and failed
clearance also matter (Obrenovitch & Urenjak, 1997).

3.4 Bioenergetics and State Control

Bioenergetics appears to constrain whether neural systems can sustain stable, selective connectivity. In psychotic
disorders, lower medial prefrontal creatine kinase flux is associated with weaker within-network functional connectivity
and weaker DMN–task-positive anticorrelation, and these metabolism-connectivity relationships are markedly reduced in
schizophrenia and bipolar disorder (Song et al., 2020). In major depression, recent network-control work suggests reduced
dynamic stability and impaired control energy in default mode and limbic nodes, linking symptom burden to energy-
inefficient state transitions (Niu et al., 2026).

This is biologically plausible because excitatory glutamate neurons have high ATP demands and are vulnerable to
glucocorticoid- and inflammation-related mitochondrial dysfunction (Baskerville et al., 2023). Parvalbumin interneurons,
which are central for E/I timing and network precision, are especially vulnerable to energy substrate deficiency and
mitochondrial dysfunction, offering a mechanistic bridge from metabolic stress to mood instability and dysconnectivity
(Pinna & Colasanti, 2021).

Results Timeline

FIGURE 5  Timeline of this literature; larger markers indicate more citations
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Top Contributors

Type Name Papers

Author G. Sanacora [24d48169e7b05c80b1ae219ac5cebbac]
[25dacbdadbf75e0c9192ebafa6c0460f]

Author O. Howes [f863155c57625da98d42cbd7407a1544]
[a567c148d8935bb18551655f70042e85]

Author L. Wiggins [8fa066b8dc2454239b0f24934fff695c]
[360e4239a5f75c829e6fab329236a697]

Journal Biological Psychiatry [8e8d5acb06165aa3a2082026a7e5cb8e]
[efd8b9159fb35b80a3b9071e2ed5e55a]
[a567c148d8935bb18551655f70042e85]

Journal Neuroscience and
Biobehavioral Reviews

[001533316b735bb5aca57b897ee38893]
[40ff5fed951c53739a5eeeb8ec07b1be]
[1065bb55b6425e4682beb99db080b424]

Journal Translational Psychiatry [6f2c06eafd2f5216975fdb797852ecd1][f863155c57625da98d42cbd7407a1544]
[1a11c50d3370576983fcbfb913449257]

FIGURE 6  Authors and journals most frequent in included papers

4. Discussion

The strongest evidence supports a transdiagnostic circuit model in which emotional symptoms arise from disturbed
coordination between limbic salience/reactivity systems and prefrontal control systems, not from one diagnosis-specific
lesion (McTeague et al., 2020; Morawetz et al., 2024; Kebets et al., 2020). This pattern replicates across depression,
bipolar disorder, ADHD, schizophrenia, PTSD/TBI, and neurodevelopmental conditions, although the exact direction and
location of dysconnectivity vary by age, disorder stage, and task context (Bertollo et al., 2025; Steardo et al., 2025; Diao et
al., 2026; Weis et al., 2021).

The mechanistic case for glutamate is also fairly strong, but it is more indirect. Multiple reviews and multimodal imaging
studies converge on glutamatergic and E/I abnormalities as plausible drivers of dysconnectivity (Nicosia et al., 2024;
McGrath et al., 2022; Maximo et al., 2024; McCutcheon et al., 2021). However, the field still struggles to distinguish acute
hyperexcitable states from chronic hypoconnected aftermath, and some evidence shows that high extracellular glutamate
alone does not fully explain excitotoxic injury (Obrenovitch & Urenjak, 1997).

The bioenergetics literature is newer but conceptually important. It suggests that abnormal connectivity is partly an
energy-allocation problem: when mitochondrial function, ATP buffering, calcium handling, or oxidative balance fail, high-
demand excitatory and inhibitory microcircuits lose precision, producing unstable state transitions, weakened
anticorrelations, or compensatory hyperconnectivity (Song et al., 2020; Pinna & Colasanti, 2021; Ogłodek et al., 2026).

A major limitation is that much of the corpus is review-based, cross-sectional, or correlational. Direct multimodal studies
simultaneously measuring irritability, glutamate, energy metabolism, and connectivity in the same participants remain
sparse, especially in developmental cohorts and across longitudinal transitions from hyper- to hypoconnectivity (Poon et
al., 2022; Goldsmith et al., 2022; Gruenbaum et al., 2024).
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Claim
Evidence
Strength Reasoning Papers

Fronto-limbic dysconnectivity is
a shared substrate of emotion
dysregulation across disorders

Strong

Supported by large meta-
analyses and transdiagnostic
imaging replication

(McTeague et al., 2020;
Morawetz et al., 2024;
Kebets et al., 2020)

Irritability is linked to atypical
developmental connectivity in
emotion and reward-control
networks

Moderate

Multiple developmental
imaging studies support it, but
patterns vary by age and
method

(Nielsen et al., 2021; Liuzzi
et al., 2023; Chaarani et al.,
2020; Wariri et al., 2026)

Glutamate dysregulation
contributes to both
hyperconnectivity and later
hypoconnectivity

Moderate

Strong mechanistic rationale
and some multimodal support,
but mostly indirect and staged

(Nicosia et al., 2024;
Haroon et al., 2016;
Maximo et al., 2024;
McCutcheon et al., 2021)

Bioenergetic failure impairs
network coupling and
anticorrelation

Moderate

Human imaging evidence
exists, but the literature is still
relatively small

(Song et al., 2020; Niu et
al., 2026)

A single glutamate measure can
explain dysconnectivity across all
disorders

Weak

Evidence is too heterogeneous,
and excitotoxicity is not
reducible to extracellular
glutamate alone

(Obrenovitch & Urenjak,
1997)

FIGURE 7  Key claims and supporting evidence strengths

5. Conclusion

Across neurodevelopmental and psychiatric disorders, irritability, emotion dysregulation, glutamatergic dysfunction, and
bioenergetic stress appear to converge on the same broad problem: unstable coordination between emotionally reactive
limbic systems and metabolically demanding regulatory networks. Hyperconnectivity often marks acute or compensatory
over-engagement, whereas hypoconnectivity often marks chronic inefficiency, synaptic loss, failed maturation, or
weakened top-down control (Li et al., 2025; Diao et al., 2026; Liu et al., 2022).

Research Gaps

The clearest gap is the lack of studies that measure neurotransmitters, metabolism, connectivity, and symptoms together
across time and across diagnoses. Developmental staging and subtype resolution remain especially limited (Nielsen et al.,
2021; Li et al., 2025; Diao et al., 2026).

Topic/Outcome
Glutamate
MRS Bioenergetics

Longitudinal
Development

Cross-Diagnostic
Integration

Irritability 3 1 3 5

Emotion dysregulation 4 2 2 8

Psychosis dysconnectivity 6 4 2 5
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Topic/Outcome
Glutamate
MRS Bioenergetics

Longitudinal
Development

Cross-Diagnostic
Integration

Neurodevelopmental
disorders

4 1 2 4

Hyper-to-hypoconnectivity
transitions

2 1 1 2

Open Research Questions

Future work should test whether these mechanisms define shared biotypes rather than diagnosis-specific syndromes.

Question Why

Do early irritability-related hyperconnectivity patterns later
convert into fronto-limbic hypoconnectivity during
adolescence?

This would clarify whether irritability marks a
developmental trajectory from hyperreactivity to
regulatory failure.

Can combined glutamate and bioenergetic measures predict
which dysconnectivity subtype a patient shows?

This could link molecular dysfunction to clinically
useful hyperconnective versus hypoconnective
biotypes.

Are emotion dysregulation networks normalized more
effectively by treatments targeting glutamate, inflammation, or
mitochondrial function?

Comparative mechanism-based trials are needed
because current evidence suggests all three
systems interact.

Overall, the relationship is best understood as a shared dysconnectivity framework in which irritability and emotion
dysregulation are behavioral readouts, and glutamate plus bioenergetic failure are plausible circuit-level drivers.

These search results were found and analyzed using Consensus, an AI-powered search engine for research. Try it at
https://consensus.app. © 2026 Consensus NLP, Inc. Personal, non-commercial use only; redistribution requires copyright
holders’ consent.
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