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Metabolic challenges produced as a result of Maternal Immune Activation and
Compensatory Hyper-Connected connected Brain Regions

Metabolic challenges from maternal immune activation and hyperconnected brain networks

Maternal immune activation (MIA) alters offspring metabolism at multiple levels (mitochondria, glucose, lipids),
while compensatory hyperconnectivity in brain networks increases local energy demand. Together, they suggest a
brain that is both developmentally at risk and metabolically “expensive” to run.

Metabolic Effects of Maternal Immune Activation

Mitochondrial dysfunction and oxidative stress

* Prenatal LPS-induced MIA in rats causes increased NOX activity and ROS, early mitochondrial membrane
depolarization and reduced ATP, progressing in adolescence to persistent ROS overproduction,
downregulated electron transport chain complexes, and neuroinflammation, forming a “vicious cascade” of
mitochondrial damage and oxidative stress in brain (Cieélik et al., 2023).

* Poly(I:C)-MIA in mice leads in adult offspring to increased mitochondrial respiration and mass in prefrontal
cortex and amygdala, but reduced coupling efficiency and higher leak respiration, indicating compensatory
but inefficient mitochondria and sex-dependent vulnerability (Hahn et al., 2020).

* Review work links MIA to mitochondrial dysfunction, oxidative stress, and metabolic disease risk in offspring
(Shimizu et al., 2023).

Glucose and systemic metabolic programming

* In rats, LPS-MIA disrupts maternal glucose homeostasis and, postpartum, drives increased hepatic
gluconeogenesis, impaired pancreatic function, and higher plasma glucose; NAC partially corrects early but not
late alterations (Afsar et al., 2026).

* Human birth-cohort data show higher placental inflammatory and oxidative stress markers associated with
higher fasting glucose and prediabetes in 5—6-year-old children, implicating intrauterine immune/oxidative
milieu in long-term glucose dysregulation (Zhou et al., 2024).

* A primate MIA model shows widespread changes in lipid, amino acid, and nucleotide metabolism across
plasma, CSF, gut tissues, with links to behavior and cytokines, supporting broad metabolic reprogramming
(Boktor et al., 2022).

Broader metabolic disease risk

* MIA is associated with offspring cardiovascular and metabolic diseases in addition to neurodevelopmental and
immune disorders (Shimizu et al., 2023).

* Reviews of gestational metabolic conditions (e.g., gestational diabetes) describe insulin signaling disruption,
mitochondrial dysfunction, oxidative stress, and chronic inflammation, mechanisms overlapping with
MIA-related pathways (Torres-Torres et al., 2024).
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Key offspring metabolic challenges after MIA

Level Main challenge Citations

Brain Persistent ROS, low ATP, inefficient respiration (Cieslik et al., 2023; Hahn et al., 2020;
mitochondria Shimizu et al., 2023)

Glucose control 1 hepatic gluconeogenesis, beta-cell (Afgar et al., 2026; Zhou et al., 2024)

dysfunction, prediabetes risk

Systemic Altered lipid/amino acid profiles, (Boktor et al., 2022; Alharithi et al.,
metabolism immunometabolic reprogramming 2025; Shimizu et al., 2023)

FIGURE 1 Core metabolic disturbances linked to MIA

Metabolic Costs of Compensatory Hyperconnectivity

After brain injury, hyperconnectivity (increased functional coupling) is a common adaptive response but must
negotiate a trade-off between metabolic cost and communication efficiency; hubs are used because they are
relatively efficient, yet chronic hyperconnectivity may expose them to elevated metabolic stress and secondary
pathology over the lifespan (Hillary & Grafman, 2017).

Longitudinal TBI data show early widespread increased network strength and cost, then more focal
hyperconnectivity in default-mode and attentional hubs, where higher connection cost predicts worse
cognition, indicating that compensation comes with sustained energy demands (Roy et al., 2017).

Functional and metabolic imaging in healthy adults shows that during demanding tasks, reconfiguration of
functional networks tightly couples to increased regional glucose consumption, especially in feedforward
task-relevant pathways (Gasser et al., 2024).

Resting-state work shows that connector hubs (linking networks) have higher glucose uptake than other
regions, underscoring that highly connected areas are energetically expensive (Palombit et al., 2022).

Ageing studies demonstrate that supporting hub connectivity consumes a large fraction of a limited glucose
budget, and reallocation of this cost is linked to cognitive decline (Deery et al., 2024).

Intersection: MIA, Metabolism, and Hyperconnected Networks

MIA produces a brain with fragile mitochondrial function, oxidative stress, and altered systemic metabolism
(Cieslik et al., 2023; Boktor et al., 2022; Hahn et al., 2020; Shimizu et al., 2023).

Hyperconnected or hub-heavy network organization, even when compensatory, raises local energy demands
and metabolic stress in precisely the regions critical for integration (Hillary & Grafman, 2017; Roy et al., 2017;
Gasser et al., 2024; Deery et al., 2024; Palombit et al., 2022).

Together, this suggests that individuals exposed to MIA may face reduced metabolic reserves at the cellular
and systemic level while needing to sustain high-cost network configurations to maintain function, potentially
increasing vulnerability to neurodevelopmental disorders and later-life neurodegeneration (Cieslik et al., 2023;
Boktor et al., 2022; Hahn et al., 2020; Deery et al., 2024; Shimizu et al., 2023).

2/ 4


https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export

o Consensus CONSENSUS . APP

Conclusion

Research indicates that maternal immune activation programs long-lasting mitochondrial dysfunction, oxidative
stress, and glucose and lipid abnormalities in offspring. Separately, compensatory hyperconnectivity and
hub-centered network organization are metabolically costly, concentrating glucose use and stress in key brain
regions. The convergence of these processes implies that brains shaped by MIA may be forced to operate
demanding, hyperconnected networks on an already compromised metabolic foundation, heightening risk for
cognitive and psychiatric difficulties across the lifespan.

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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