


Yes, optimal cognitive function depends on adequate brain metabolism and energy
availability.

1. Introduction

Optimal cognitive function depends on adequate brain cellular metabolism and energy availability. Across this corpus, the
strongest consensus is not just that the brain is energy-intensive, but that cognition, synaptic activity, and large-scale
network function are tightly coupled to continuous fuel delivery, mitochondrial ATP production, and coordinated neuron-glia
metabolic support (Bélanger et al., 2011;  Bonvento & Bolaños, 2021; Rae et al., 2024).

The evidence spans foundational neuroenergetics, human imaging, metabolic challenge studies, aging and disease research,
and early intervention trials. Foundational reviews show that glucose is the obligatory or primary brain fuel under usual
conditions and that the brain has minimal reserves, making function highly dependent on continuous substrate supply (
Madrer et al., 2025;  Bonvento & Bolaños, 2021;  Andreone et al., 2015). Human and translational studies further show
that altered glucose metabolism, insulin resistance, mitochondrial dysfunction, and disrupted glia-neuron metabolic coupling
are associated with poorer cognition, while interventions that improve alternative fuel delivery or metabolic support
sometimes improve cognitive outcomes (  Zhang et al., 2023;  Emmanuel et al., 2013;  Fortier et al., 2019;  Yuluğ et
al., 2023).

Does optimal cognitive function depend on adequate brain cellular metabolism and energy availability? N = 39

37 2

Yes 95% · Possibly 5% · Mixed 0% · No 0%

FIGURE 1  Research consensus on brain metabolism and cognition

The meter should read strongly toward yes. The main nuance is that the field is more certain that adequate energetics are
necessary for cognition than about which exact fuels, cell types, and metabolic pathways are most critical in each context
(Dienel, 2019; Roumes et al., 2022).

2. Methods

The search ran over more than 170 million research papers indexed in Consensus, drawing from Semantic Scholar, PubMed,
and related sources. The workflow identified 438,168 initial papers for the exact query, expanded through six related search
groups and citation crawling, screened 240 papers with machine-learned relevance filtering, assessed 153 as eligible after
deduplication and thresholding, and included the top 50 most relevant papers for synthesis.

Search Strategy

35.8M

Retrieved

22 searches

1 citation graph use

All papers retrieved from 22 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  Paper identification and screening workflow
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The strategy combined direct search, theory-expansion, mechanistic searches, contrasting-evidence searches, and citation
crawling across human-focused neuroenergetics and cognition literatures.

3. Results

3.1 Key Papers

Several papers anchor this literature because they establish the core physiology, the cell-type framework, and the cognition
link. Bélanger et al. define astrocyte-neuron metabolic cooperation as central to brain energy delivery, Dienel integrates
glucose metabolism with function, and Magistretti and Allaman connect cellular neuroenergetics to functional imaging and
higher brain function (Bélanger et al., 2011; Dienel, 2019;  Magistretti & Allaman, 2015).

Paper Summary

(  Faria-Pereira & Morais, 2022) Astrocytes actively regulate brain energy supply (Bélanger et al., 2011)

(  Zhang et al., 2023) Glucose metabolism closely tracks neurotransmission (Dienel, 2019)

(Bélanger et al., 2011) Neuron-astrocyte energetics support brain function (  Magistretti & Allaman, 2015)

FIGURE 3  Foundational papers in neuroenergetics and cognition

3.2 Core Physiology

The brain consumes about 20% of resting body energy despite being only about 2% of body mass, and it stores very little
glucose or oxygen, so normal cognitive operations require continuous replenishment from the circulation (  Bonvento &
Bolaños, 2021;  Tardy et al., 2020). If blood flow stops completely, consciousness is lost within seconds, which illustrates
how tightly function depends on moment-to-moment fuel and oxygen supply (  Bonvento & Bolaños, 2021;  Owen &
Sunram-Lea, 2011).

At the cellular level, glucose supports not only ATP production but also oxidative stress management, neurotransmitter
synthesis, and structural maintenance, while local signaling and metabolism rise together during excitatory activity (Dienel,
2019). Synapses are especially energy demanding, and mitochondrial impairment at synapses disrupts homeostasis and
transmission (  Faria-Pereira & Morais, 2022).

3.3 Human Evidence

Dimension Finding Evidence

Task performance Task engagement increases coupling between glucose consumption and
network reconfiguration

(  Hahn et al., 2020)

Aging Lower glucodynamic variability is linked to poorer cognition in older adults (  Deery et al.,
2026)

Network
efficiency

Glucose metabolism mediates some age-related cognitive slowing (  Manza et al.,
2020)

Regional
energetics

Better temporal mitochondrial-energy markers relate to better memory (Lopez et al., 2024)
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Dimension Finding Evidence

Metabolic
challenge

Induced insulin resistance lowers hippocampal PCr/ATP during cognition (  Emmanuel et al.,
2013)

FIGURE 4  Human studies linking energetics to cognition

Human imaging and metabolic challenge studies therefore move the field beyond theory. They show that cognition tracks
dynamic metabolic organization, not just static fuel supply, and that impaired metabolic responsiveness can appear during
cognitive effort before frank neurological disease (  Deery et al., 2026;  Emmanuel et al., 2013).

3.4 Interventions and Caveats

Intervention studies support a causal role for energy availability, although the evidence is stronger in impairment states than
in healthy adults. In mild cognitive impairment, a ketogenic drink increased brain ketone uptake by 230% and improved
several cognitive measures over 6 months, suggesting that alternative fuel delivery can bypass part of the glucose deficit (
Fortier et al., 2019). In Alzheimer’s disease, a phase II trial of combined metabolic activators reported a 29% ADAS-Cog
improvement over 84 days in the treated group, with accompanying metabolic and imaging changes (  Yuluğ et al., 2023).

However, not every metabolic mechanism is settled. Lactate shuttling between astrocytes and neurons is a major concept,
but its exact necessity across cognitive domains remains unclear, and the roles of glucose versus lactate during activation
and memory consolidation are still debated (Roumes et al., 2022; Dienel, 2019). Intermittent fasting and metabolic switching
show strong mechanistic promise, but short-term cognitive benefits in healthy humans remain unclear (  Mattson et al.,
2018; Gudden et al., 2021).

Results Timeline

FIGURE 5  Timeline of brain metabolism and cognition findings, larger markers indicate more citations

The timeline likely shows an arc from foundational glucose-dependence models, to astrocyte-neuron cooperation and
mitochondrial mechanisms, to recent human imaging and metabolic intervention studies. Recent work increasingly
emphasizes metabolic flexibility and network-level dynamics rather than a simple single-fuel model (Bélanger et al., 2011; 
Constantino et al., 2025).
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Top Contributors

Type Name Papers

Author M. Mattson [8501e93c93dd566381b640dfdba7de17][16076684f8da56ab9415202f1140b103]
[00db1a91a2a851c69c1d172f1ed25692][bf36956fd69157e8afdb86046fb68b5d]
[fb3560924c4c5ba2b2ce0ef4a573dd2a][f1a5ffbfe5935321969a81398a4626b0]
[ef8c6b3963b95aaea12d02b061d611b0]

Author P. Magistretti [05c359e518085be2b6798190c0829c6c][3266813161fe5a95a42c53a767bb18c7]
[77f3eb49d4e65aa3b63b790916b1ef10]

Author I. Allaman [05c359e518085be2b6798190c0829c6c][3266813161fe5a95a42c53a767bb18c7]

Journal Cell Metabolism [a770e0a612495176ba912f9af21b6a96][3266813161fe5a95a42c53a767bb18c7]
[bf36956fd69157e8afdb86046fb68b5d][f1a5ffbfe5935321969a81398a4626b0]

Journal Journal of
Neurochemistry

[3e83a0462f8057fcab8c0ea02c621fc5][eb383971def453b082cd749b0802d0d2]
[534185b8524f59e1abf8d01cbaf8c73a]

Journal Nutrients [55ad86aefe5c5b439f22a31a4e89c205][2bca3fb08812525f84a60b17a1991321]
[4d31d4c0fa7758af89d578c8da34c10e][5e31a375e37255ae947900c3257242bd]

FIGURE 6  Authors and journals appearing most often

4. Discussion

The central claim is strongly supported: brain function depends on adequate energy availability, and cognition appears
particularly sensitive because synaptic transmission, plasticity, and long-range network coordination are energetically
expensive (  Tardy et al., 2020; Rae et al., 2024;  Geary, 2021). This conclusion is replicated across physiology reviews,
disease literatures, human imaging, and metabolic perturbation studies (  Owen & Sunram-Lea, 2011;  Kapogiannis &
Mattson, 2010;  Hahn et al., 2020).

The strongest causal evidence in humans comes from perturbation and intervention studies rather than cross-sectional
association alone. Blocking insulin-mediated metabolic responsiveness reduced hippocampal energy balance during
cognitive activity in healthy volunteers, while ketogenic and combined metabolic activator interventions improved cognition
in MCI and AD cohorts (  Emmanuel et al., 2013;  Fortier et al., 2019;  Yuluğ et al., 2023). Still, these intervention studies
are condition-specific and do not prove that more fuel always improves cognition in already healthy brains (Gudden et al.,
2021;  Sünram-Lea & Owen, 2017).

A major strength of the corpus is mechanistic depth across scales, from mitochondria and synapses to whole-brain network
reconfiguration (  López‐Doménech & Kittler, 2023;  Sayehmiri et al., 2024;  Hahn et al., 2020). A major limitation is
that some mechanistic questions remain contested, especially around lactate shuttling, regional specialization, and whether
metabolic dysfunction is always a primary driver rather than partly a consequence of impaired brain function (Dienel, 2019;

 Madrer et al., 2025).

Another nuance is that “adequate metabolism” means more than steady glucose alone. Healthy cognition appears to depend
on flexible, coordinated use of glucose, oxygen, mitochondrial ATP production, glial support, insulin signaling, and, in some
contexts, alternative fuels such as lactate or ketones (  Constantino et al., 2025;  González-García et al., 2021;  Fortier
et al., 2019).

4 / 8

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


Claim
Evidence
Strength Reasoning Papers

Optimal cognition requires
adequate brain energy supply

Strong

Foundational physiology,
imaging, and disease evidence
strongly converge

(  Andreone et al., 2015; 
Owen & Sunram-Lea, 2011;
Roumes et al., 2022)

Neuron-glia metabolic
cooperation supports cognition
and synaptic function

Strong

Strong mechanistic consensus
across major reviews

(Bélanger et al., 2011; 
Bonvento & Bolaños, 2021; 
Madrer et al., 2025)

Impaired glucose or insulin
metabolism is linked to cognitive
impairment

Strong

Human and disease studies
repeatedly support this
association

(  Zhang et al., 2023; 
Emmanuel et al., 2013; 
Zhang et al., 2023)

Alternative fuels can improve
cognition when glucose
metabolism is compromised

Moderate

Supported by clinical
interventions, mainly in MCI or
AD

(  Fortier et al., 2019; 
Altayyar et al., 2022; 
Fortier et al., 2019)

Lactate shuttling is necessary for
all major cognitive functions

Weak

Important model, but necessity
across domains remains
contested

(Roumes et al., 2022; Dienel,
2019;  Calì et al., 2019)

FIGURE 7  Key claims and evidence across included papers

5. Conclusion

The literature supports a clear yes: optimal cognitive function depends on adequate brain cellular metabolism and energy
availability. The best-supported version of that claim is that cognition requires continuous, well-regulated, and cell-
coordinated bioenergetic support, while metabolic disruption, inflexibility, or impaired fuel delivery tends to degrade
cognitive performance (  Bonvento & Bolaños, 2021;  Deery et al., 2026;  Maciel et al., 2026).

Research Gaps

The remaining gaps are mostly about specificity rather than the existence of the relationship. The field still needs better
resolution on which fuels matter most in which cells, regions, tasks, and disease stages (Rae et al., 2024;  Madrer et al.,
2025).

Topic/Outcome Human RCTs Cell Specificity Longitudinal Data Mechanistic Consensus

Healthy adult cognition 2 4 2 5

Aging-related decline 3 3 6 5

Alzheimer`s disease 5 4 6 6

Lactate and astrocyte shuttling 1 5 1 3

5 / 8

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


Topic/Outcome Human RCTs Cell Specificity Longitudinal Data Mechanistic Consensus

Alternative fuels and ketosis 4 3 3 4

Open Research Questions

Future work should test when metabolic support is merely permissive versus actively performance-limiting, and which
metabolic interventions translate best to humans.

Question Why

Which brain cell types and regions become fuel-limited
first during demanding cognitive tasks in healthy
humans?

This would identify whether cognitive limits reflect global
energy shortage or localized bottlenecks in metabolically
expensive circuits.

Can improving metabolic flexibility preserve cognition
before overt neurodegeneration begins?

Early-stage interventions may work better than late rescue if
metabolic inflexibility is a proximal driver of decline.

When do ketones, lactate, or insulin-sensitive glucose
uptake meaningfully outperform standard glucose
support?

This would clarify which alternative-fuel strategies are broadly
useful and which are only relevant in specific diseases or
states.

In sum, optimal cognitive function does depend on adequate brain cellular metabolism and energy availability, even though
the exact metabolic pathways that matter most remain partly unresolved.

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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