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What is the significance of Dysregulated Microglia and Dysfunctional
Mitochondria in Neurodevelopmental, Psychiatric and Addiction Disorders?

Dysregulated microglia—mitochondria systems appear central to many brain
disorders across development

Microglia (the brain’s immune cells) and mitochondria (cellular “power plants”) are deeply intertwined in shaping
brain development, mood, cognition, and vulnerability to disease. Across neurodevelopmental, psychiatric, and
addiction-related conditions, disrupted microglial function and mitochondrial dysfunction converge on chronic
neuroinflammation, abnormal synaptic wiring, and neuronal vulnerability.

Roles in Neurodevelopmental Disorders (e.g., ASD, Schizophrenia)

Microglial sculpting of the developing brain

Microglia regulate neuronal survival, synaptic pruning, circuit wiring, blood—brain barrier formation, and
neurogenesis. Dysregulated microglia can trigger neuroinflammation, synaptic abnormalities, and diminished
neurogenesis, predisposing to neuropsychiatric disorders. (Zhu et al., 2023; Tay et al., 2018)Microglial dysfunction
is specifically linked to ASD and schizophrenia, through altered synaptic pruning, neuroinflammation, and
microbiota—microglia interactions. (Lukens & Eyo, 2022; Fan et al., 2023; Meng et al., 2024)Microglial
mitochondria in development

Microglial mitochondrial metabolism directly supports phagocytosis and synaptic refinement; disruption of IL-33—
ST2-AKT signaling impairs microglial mitochondrial activity, phagocytosis, and leads to synaptic and behavioral
abnormalities, including seizure susceptibility. (He et al., 2021)Primary microglial complex | deficiency in mice
causes microglial hypertrophy and dysfunction, reactive astrocytosis, synaptic changes, behavioral deficits, and
early lethality, demonstrating that intact microglial mitochondria are essential for normal brain maturation. (Mora-
Romero et al., 2024)## Roles in Psychiatric Disorders (Depression, Bipolar, Schizophrenia)

Neuroinflammation and microglial activation

Many psychiatric disorders (MDD, BD, schizophrenia, autism) show increased inflammatory responses and
microglial activation, with pro-inflammatory (M1) phenotypes contributing to brain pathology and possibly
treatment response. (Réus et al., 2015; Hong et al., 2016)Depression, anxiety, ASD, and schizophrenia are all
associated with microglial involvement in negative affect, social deficits, compulsive behavior, and fear memory.
(Zhu et al., 2023; Brisch et al., 2021)Mitochondrial dysfunction as an immune—metabolic hub

In depression and bipolar disorder, mitochondrial abnormalities (impaired oxidative phosphorylation, altered
fission/fusion, excess ROS) are linked to enhanced inflammatory responses, neuroprogression, and neuronal
vulnerability. (Culmsee et al., 2019; Ogtodek et al., 2026)Mitochondrial dysfunction in peripheral blood cells (e.g.,
reduced respiration in platelets and PBMCs) is observed in depressed patients and may serve as a biomarker of
neuropsychiatric risk, though causality and prognostic value remain unclear. (Culmsee et al., 2019)Across
neurodevelopmental and psychiatric conditions, mitochondrial disorders and dysfunction are frequently reported,
especially in ASD, but broader systematic links to many diagnoses (e.g., ADHD, schizophrenia, depression, PTSD)
are emerging. (Payares et al., 2024)## Microglia—Mitochondria Crosstalk and Stress/Neurodegeneration
(Relevance Across Disorders)
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Bidirectional amplification of neuroinflammation

Mitochondrial damage releases mitochondrial DAMPs (e.g., mtDNA, mtROS, cardiolipin, ATP) that are sensed by
microglial immune receptors, amplifying neuroinflammation. Activated glia then secrete cytokines that further
impair mitochondrial metabolism, creating a vicious cycle. (Lin et al., 2022)In chronic neuroinflammation, microglial
mitochondrial complex | activity can sustain low-grade activation through reverse electron transport and ROS
production; inhibiting complex | dampens microglial neurotoxicity and improves outcomes in a CNS disease model.
(Peruzzotti-Jametti et al., 2024)Stress, a major non-genetic risk for depression, disrupts mitophagy, shifts
mitochondrial dynamics, and increases mitochondrial mass and depolarization in frontal cortex, while boosting
microglial recruitment and mitochondrial content, underscoring how psychological stress reshapes microglial—
mitochondrial networks. (Ulecia-Morén et al., 2025)Microglial mitochondria and neurodegenerative comorbidity
In Alzheimer’s disease, microglial mitochondrial dysfunction (mtDNA damage, ROS, defective mitophagy)
promotes microglial activation, neurocinflammation, and neurotoxicity, leading to neuronal loss and network
disruption; correcting microglial mitochondrial defects shows therapeutic promise. (Li et al., 2022; Agrawal & Jha,
2020)## Therapeutic and Conceptual Significance

Therapeutic targeting of microglia and mitochondria

Microglia-targeted interventions (e.g., modulating activation states, anti-inflammatory agents, microglia-selective
drugs) are being explored for depression, schizophrenia, ASD, and other neuropsychiatric disorders. (Zhu et al.,
2023; Réus et al., 2015; Huang et al., 2025)Restoring microglial mitochondrial health—via improving
mitochondrial-lysosome crosstalk, fission/fusion balance, mitophagy, or complex | modulation—is a proposed
strategy to reduce neuroinflammation and neuronal damage in depression and neurodegeneration. (Zou et al.,
2026; Li et al., 2022; Peruzzotti-Jametti et al., 2024)Conceptual unification across disorders
Neurodevelopmental disorders, major psychiatric ilinesses, neurodegenerative diseases, and addiction share a
common theme: microglia-driven neuroinflammation tightly coupled to mitochondrial dysfunction, leading to
maladaptive circuit remodeling, synaptic pathology, and behavioral symptoms. (Tay et al., 2018; Hong et al.,
2016)## Conclusion

Dysregulated microglia and dysfunctional mitochondria form an interconnected axis that influences brain
development, immune signaling, and neuronal survival. Across neurodevelopmental, psychiatric, and
addiction-related disorders, this axis contributes to chronic neuroinflammation, aberrant synaptic and circuit
remodeling, and heightened vulnerability to stress and degeneration. Because of this central role, microglial state
and mitochondrial health are increasingly viewed as shared mechanistic hubs and promising therapeutic targets
spanning multiple brain disorders.

These search results were found and analyzed using Consensus, an Al-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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