


Yes, mitochondrial dysfunction is linked to frontolimbic dysregulation in depression and
anxiety, but direct ATP-to-circuit evidence remains limited.

1. Introduction

Across depression and anxiety, the literature supports a link between mitochondrial dysfunction or impaired bioenergetics and
abnormal prefrontal-amygdala function, but the evidence is mostly indirect rather than a single demonstrated causal chain.
Reviews and primary studies consistently report reduced glucose use or altered mitochondrial signatures in prefrontal regions
in major depression, alongside broader frontolimbic dysconnectivity and heightened amygdala responses to negative or stress-
related stimuli (Bansal & Kuhad, 2016; Heyat et al., 2024; Wang & Dwivedi, 2016; Pizzagalli & Roberts, 2021; Hu et al., 2022).

The strongest support is for three adjacent claims: depression is associated with mitochondrial and ATP abnormalities; the
prefrontal cortex is consistently impaired in depression and in anxiety regulation; and amygdala hyperreactivity is common in
stress, anxiety disorders, and depression (Jiang et al., 2024; Liu et al., 2023; Pizzagalli & Roberts, 2021; Kenwood et al., 2021;
Hu et al., 2022). What remains less certain is whether ATP deficit itself has been shown directly to cause impaired prefrontal
activity and increased amygdala reactivity in the same human patients, rather than contributing through inflammation,
oxidative stress, glial dysfunction, and disrupted synaptic plasticity (Liu et al., 2023; Pinzi et al., 2025; Ramos-Jiménez et al.,
2025).

Is mitochondrial dysfunction or ATP deficit linked to impaired prefrontal cortex activity and increased amygdala
reactivity in anxiety or depression?
Requires at least 5 papers that directly answer your question. Try adjusting your query to find more papers.

FIGURE 1  Consensus on mitochondrial links to frontolimbic dysfunction

The meter should favor “yes, with caveats.” The corpus repeatedly connects mitochondrial dysfunction to depression and
anxiety, and separately connects these disorders to reduced prefrontal control and elevated amygdala activity, but only a
smaller subset directly bridges both levels in the same study (Seo et al., 2025; Hu et al., 2022).

2. Methods

The search ran over more than 170 million research papers indexed in Consensus, drawing from Semantic Scholar, PubMed,
and other scholarly sources. The workflow identified 37,583 papers in the initial search, expanded through targeted deep-
search queries and citation crawling, then screened 240 machine-filtered records. After deduplication and relevance filtering,
138 papers were judged eligible and the top 50 were included for this synthesis.

Search Strategy

3.9M

Retrieved

22 searches

1 citation graph use

All papers retrieved from 22 searches and 1
citation graph use.

2K

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 flow

The search combined direct circuit terms, mitochondrial and ATP terminology, anxiety/depression decomposition, and
mechanism-focused expansion into inflammation and glial biology.
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3. Results

3.1 Key Papers

Three papers anchor the corpus because they each cover one core part of the question: mitochondrial dysfunction in
depression, prefrontal-amygdala circuit abnormalities in depression/anxiety, and direct metabolic-brain activity coupling.
Bansal and Kuhad summarize reduced glucose utilization in the PFC and brain energy impairment in depression, Pizzagalli and
Roberts synthesize the consistent impairment of PFC function in MDD, and Seo et al. cite a study linking lower mitochondrial
enzyme levels to reduced frontotemporal activation during cognitive tasks in first-episode MDD (Bansal & Kuhad, 2016;
Pizzagalli & Roberts, 2021; Seo et al., 2025).

Paper Summary

(Bansal & Kuhad, 2016) Brain energy impairment with reduced PFC glucose use (Bansal & Kuhad, 2016)

(Gkintoni & Ortiz, 2023) PFC is consistently impaired in MDD (Pizzagalli & Roberts, 2021)

(Kenwood et al., 2021) Lower mitochondrial enzyme linked to lower frontotemporal activation (Seo et al., 2025)

FIGURE 3  Key foundational papers in the included corpus

3.2 Depression Mechanisms

Human and animal studies converge on impaired brain energetics in depression. MDD has been associated with reduced
glucose metabolism in emotion-related brain regions and lower beta-ATP-related signals in basal ganglia, while chronic stress
models reduce ATP in prefrontal cortex and hippocampus (Jiang et al., 2024).

Postmortem and transcriptomic evidence also points to mitochondrial abnormalities within prefrontal tissue itself. MDD
dorsolateral PFC shows altered mitochondrial gene expression, and mood-disorder meta-analysis finds moderate support for
complex I abnormalities in frontal cortex, though complex IV evidence is weaker (Wang & Dwivedi, 2016; Holper et al., 2019).

Chronic stress appears to impair cortical mitochondrial oxidative phosphorylation and structure, offering a mechanistic route
from stress to reduced prefrontal function (Bansal & Kuhad, 2016; Heyat et al., 2024; Sharma & Akundi, 2019).

3.3 Frontolimbic Circuit Findings

Frontolimbic abnormalities are robust across depression and anxiety. Major depression is characterized by abnormal functional
connectivity among the amygdala, ACC, insula, and PFC, with specific core abnormalities including ACC-amygdala and rostral
ACC-dlPFC connections (Li et al., 2021).

The prefrontal cortex normally regulates anxiety by interfacing with inhibitory systems in cortex, thalamus, and amygdala;
disruption of these PFC nodes can produce negative bias, poor autonomic regulation, and avoidance behavior (Kenwood et al.,
2021).

Amygdala hyperreactivity is also a recurring human finding. Depression shows increased baseline amygdala activity and
stronger responses to emotional stimuli, while anxiety disorders often show exaggerated amygdala responses to threat-related
stimuli (Hu et al., 2022; Shin & Liberzon, 2011).

PFC-amygdala coupling is often weakened in depression. Reviews cite reduced amygdala-prefrontal coupling and decreased
functional coupling between amygdala and cingulate/PFC regions in unmedicated MDD (Pizzagalli & Roberts, 2021).

3.4 Bridging Bioenergetics to Circuits

The direct bridge between mitochondrial dysfunction and altered frontolimbic activity is emerging but still thinner than the
broader associative evidence.
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Dimension Depression Anxiety Citations

PFC metabolic deficit Reduced glucose use and
activation

PFC control failure implicated (Heyat et al., 2024; Seo et
al., 2025; Kenwood et al.,
2021)

Amygdala abnormality Increased baseline/reactive
activity

Exaggerated threat responses (Hu et al., 2022; Shin &
Liberzon, 2011)

Mitochondrial
evidence

ATP, respiration, mtDNA
changes

Mitochondrial alterations in
anxious rodents and
mitochondrial disease

(Liu et al., 2023; Gardner
et al., 2003; Burtscher et
al., 2022)

Mechanistic bridge Inflammation, ROS, astrocyte
dysfunction

Inflammation-amygdala circuit
enhancement

(Heyat et al., 2024;
Ramos-Jiménez et al.,
2025; Hu et al., 2022)

Direct same-study
circuit-metabolism
link

Frontotemporal activation
correlated with mitochondrial
enzyme

Sparse direct human evidence (Seo et al., 2025)

FIGURE 4  How bioenergetics aligns with frontolimbic findings

A notable direct signal comes from first-episode, drug-naïve MDD, where reduced frontotemporal activation during verbal
fluency correlated with lower serum succinate dehydrogenase, a mitochondrial enzyme (Seo et al., 2025). In parallel, stress
and inflammation studies show enhanced dmPFC-amygdala or ACC-BLA coupling accompanying anxiety- and depression-like
behavior, suggesting a plausible route by which mitochondrial-inflammatory dysfunction could increase amygdala reactivity
while weakening regulatory cortical control (Hu et al., 2022).

Results Timeline

FIGURE 5  Timeline of included findings; larger markers indicate more citations

The timeline shows an early emphasis on broad mitochondrial abnormalities in mood disorders, followed by consolidation of
frontolimbic circuit models, and more recent attempts to integrate bioenergetics, inflammation, and circuit-level imaging. The
newest papers increasingly frame depression and anxiety as immunometabolic circuit disorders rather than purely
neurotransmitter disorders (Rezin et al., 2009; Hare & Duman, 2020; Pinzi et al., 2025).
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Top Contributors

Type Name Papers

Author A. Kuhad [c1f724b024b45560ade9838a03dbf087][9401b87632405741b7f3554cdb1e025f]

Author Yogesh K. Dwivedi [a55f9eab10d651208741b4865c332f64]

Author Diego A. Pizzagalli [4c1ff0c787865e00b6ecc8015d9b8898]

Journal Neuropsychopharmacology [319241fed584572d9618f45f41a8ae6d][4c1ff0c787865e00b6ecc8015d9b8898]
[d915f00052ed5651b7b4166e8baa60ed][52e8d04198705415aecd36a7547ce895]

Journal Current
Neuropharmacology

[c1f724b024b45560ade9838a03dbf087][bce1d90902cf52f0a94f34060a204215]

Journal Molecular Psychiatry [011e1c866ee2503b9737b48fdf74dfc2][cb79fb8579865191b045cd736faa7d20]
[e9caf1125ea15d28a7f651d425a0d6df]

FIGURE 6  Authors and journals most frequent in included papers

4. Discussion

The overall answer is yes, but the evidence is layered. There is moderate-to-strong evidence that mitochondrial dysfunction
and reduced ATP-related bioenergetics are associated with depression, including abnormalities in respiration, ATP turnover,
glucose utilization, mtDNA, and mitochondrial genes (Jiang et al., 2024; Liu et al., 2023; Wang & Dwivedi, 2016). There is also
strong evidence that depression and anxiety involve impaired prefrontal regulation and altered amygdala activity or coupling
(Pizzagalli & Roberts, 2021; Li et al., 2021; Hu et al., 2022; Shin & Liberzon, 2011).

What is less resolved is causal specificity. Much of the mitochondrial evidence comes from reviews, peripheral biomarkers,
animal stress models, or non-circuit-specific measurements, while much of the circuit evidence comes from neuroimaging
studies that do not directly measure ATP or mitochondrial function (Holper et al., 2019; Wen et al., 2016; Ramos-Jiménez et al.,
2025). That limits claims that ATP deficit itself is the primary driver rather than one component of a broader stress-
inflammation-oxidative network.

Still, mechanistic convergence is notable. Cytokines and nitric oxide can suppress mitochondrial respiratory complexes and
ATP production, chronic stress impairs astrocytic mitochondrial energy production and glutamate clearance in PFC-linked
regions, and inflammation enhances mPFC-amygdala circuit activity in models of anxiety and depression (Heyat et al., 2024;
Ramos-Jiménez et al., 2025; Hu et al., 2022). Lower ATP availability is therefore biologically well positioned to weaken energy-
intensive prefrontal control and favor amygdala overreactivity.

Claim
Evidence
Strength Reasoning Papers

Mitochondrial dysfunction is
associated with depression

Strong

Repeated across reviews, human
tissue, peripheral respiration, and
animal models

(Bansal & Kuhad, 2016;
Jiang et al., 2024; Liu et
al., 2023; Wang &
Dwivedi, 2016)

Depression and anxiety involve
abnormal PFC-amygdala circuitry

Strong

Consistent neuroimaging and
circuit reviews across disorders

(Li et al., 2021; Hu et al.,
2022; Kenwood et al.,
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Claim
Evidence
Strength Reasoning Papers

2021; Shin & Liberzon,
2011)

Bioenergetic deficits plausibly
contribute to impaired PFC function

Moderate

PFC glucose/metabolic deficits
and one direct mitochondrial-
enzyme/activation correlation

(Heyat et al., 2024; Seo
et al., 2025; Ramos-
Jiménez et al., 2025)

Bioenergetic deficits plausibly
contribute to amygdala
hyperreactivity through
inflammation/stress

Moderate

Mechanistic convergence exists,
but direct ATP-amygdala human
tests are sparse

(Burtscher et al., 2022;
Hu et al., 2022)

ATP deficit directly causes both PFC
hypoactivity and amygdala
hyperreactivity in the same patients

Weak

Direct, simultaneous human
evidence remains limited

(Seo et al., 2025; Liu et
al., 2023)

FIGURE 7  Key claims and supporting evidence in corpus

5. Conclusion

The literature supports a real link between mitochondrial dysfunction or ATP-related bioenergetic impairment and the brain
circuit abnormalities seen in depression and anxiety. The clearest picture is that mitochondrial dysfunction contributes to
reduced prefrontal efficiency, impaired neuroplasticity, inflammatory amplification, and weaker regulation of limbic regions,
while amygdala hyperreactivity is a robust companion finding in stress-related psychopathology (Ramos-Jiménez et al., 2025;
Hu et al., 2022; Illés et al., 2020).

Direct proof of a single ATP-deficit-to-PFC/amygdala pathway in humans is still limited, so the current consensus is
mechanistic linkage rather than definitive one-step causation.

Research Gaps

The main gap is multimodal human work that measures mitochondrial function, ATP-related metabolism, and frontolimbic
activity in the same individuals across time. Current evidence is strongest for each piece separately and thinner for fully
integrated models.

Topic/Outcome
Human circuit
imaging

Brain-region
bioenergetics

Longitudinal
data

Anxiety-specific
data

Depression with PFC
dysfunction

8 6 2 1

Amygdala hyperreactivity 9 2 2 6

Direct ATP-circuit coupling 2 3 1 1

Inflammation-mitochondria-
circuit models

5 5 2 3
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Topic/Outcome
Human circuit
imaging

Brain-region
bioenergetics

Longitudinal
data

Anxiety-specific
data

Treatment reversal biomarkers 4 4 3 1

FIGURE 8  Research coverage across circuit and bioenergetic questions

Open Research Questions

Integrated human studies are the next priority because they can test whether mitochondrial deficits precede, track, or follow
frontolimbic dysfunction.

Question Why

Do ATP-related metabolic deficits in prefrontal cortex predict
later amygdala hyperreactivity in depression?

This would test temporal directionality instead of cross-
sectional association alone.

Which anxiety subtypes show the strongest mitochondrial-
respiratory abnormalities alongside amygdala overreactivity?

Anxiety findings are present but less subtype-specific and
less bioenergetically integrated than depression findings.

Can mitochondrial-targeted treatments normalize both
prefrontal activation and amygdala reactivity in the same
patients?

This is the clearest way to test causality and therapeutic
relevance.

In sum, mitochondrial dysfunction or ATP deficit is linked to impaired prefrontal cortex activity and increased amygdala
reactivity in anxiety or depression, but the direct human circuit-level evidence is still moderate rather than definitive.

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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