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Ketones and brain health: from
metabolic rescue to metabolic
flexibility
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The human brain relies predominantly on glucose under habitual dietary condi-
tions, but this dependence is not absolute. During fasting, prolonged exercise,
carbohydrate restriction or ketogenic interventions, beta-hydroxybutyrate (BHB)
and acetoacetate (AcAc) become available as cerebral fuels and metabolic sig-
nals. Most literature on ketones and cognition has emphasized mild cognitive
impairment (MCI), Alzheimer’s disease (AD) and other neurodegenerative disor-
ders, where impaired cerebral glucose utilization provides a rationale for ketone-
based brain-energy rescue. This Mini Review retains this evidence as proof of
concept but shifts the focus toward a broader preventive hypothesis: repeated
short periods of mild physiological ketosis may represent a normal component
of cerebral metabolic flexibility and contribute to long-term brain health before
cognitive impairment develops. This view is consistent with intermittent meta-
bolic switching proposed recently, whereby transitions between glucose-domi-
nant and fat/ketone-supported metabolism activate adaptive pathways involving
mitochondrial function, stress resistance, autophagy, antioxidant defense and
neurotrophic signaling. Mechanistically, ketones are transported into the brain
through monocarboxylate transporters, oxidized by neurons and glia, and may
influence histone deacetylases, redox state, neuroinflammation, BDNF-related
signaling and cellular resilience. The key question may therefore be not whether
sustained ketosis is superior to glucose metabolism, but whether modern life-
styles have reduced the physiological occasions on which ketones normally rise.
Future studies should quantify the frequency, amplitude and metabolic context of
ketone excursions induced by fasting, time-restricted eating, exercise, carbohy-
drate restriction, medium-chain triglycerides (MCT) intake or exogenous ketones,
and relate these patterns to brain energetics and long-term cognitive trajectories.

KEYWORDS
beta-hydroxybutyrate, brain health, cognition, fasting, intermittent metabolic
switching, ketone bodies, metabolic flexibility, monocarboxylate transporters

1 Introduction: from brain energy rescue to brain
health

The adult human brain represents only a small fraction of body mass but accounts for a
disproportionately large share of resting energy expenditure. Under conventional mixed-diet
conditions, glucose is its predominant substrate. This observation has often been interpreted
as if the brain were almost exclusively glucose-dependent. Physiologically, however, cerebral
metabolism is more flexible. When hepatic fatty-acid oxidation increases and insulin declines,
the liver generates acetoacetate (AcAc) and beta-hydroxybutyrate (BHB), which circulate to
extrahepatic tissues and cross the blood-brain barrier through monocarboxylate transporters
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before being converted to acetyl-CoA and oxidized in the tricarbox-
ylic-acid cycle (1-3).

This adaptation is central to human survival during prolonged
food deprivation because cerebral ketone utilization reduces the
requirement for glucose and limits the need to generate glucose from
gluconeogenic amino acids (4, 5). Nutritional ketosis should therefore
be distinguished from diabetic ketoacidosis: the former is a regulated
physiological state characterized by moderate ketone availability,
whereas the latter is a pathological condition associated with severe
insulin deficiency, uncontrolled lipolysis and metabolic acidosis (6).

The renewed interest in ketones and brain health has been driven
mainly by evidence that cerebral glucose utilization is impaired in
aging, MCI and AD (7-9), while the brain’s ability to take up and
oxidize ketones is relatively preserved (10-12). This has led to the
brain-energy-rescue model (13), in which ketones partially bypass
defective glucose metabolism. Yet a review devoted only to MCI and
AD risks missing a broader physiological question. If ketones are
normal metabolites produced during fasting, exercise and carbohy-
drate restriction, their relevance may not be limited to treating an
already impaired brain. They may also be part of a preventive meta-
bolic repertoire through which the brain periodically experiences,
and adapts to, changes in whole-body fuel availability.

2 Ketone metabolism, transport and
cerebral metabolic flexibility

Ketogenesis occurs predominantly in hepatic mitochondria when
fatty-acid availability and beta-oxidation increase while circulating
insulin is relatively low. Acetyl-CoA generated from fatty acids is con-
verted to AcAc, which can then be reduced to BHB. The liver exports
these ketone bodies because it lacks succinyl-CoA: 3-ketoacid CoA
transferase (SCOT), the enzyme required for terminal ketone oxida-
tion. Extrahepatic tissues, including the brain, express the ketolytic
machinery needed to reconvert ketones to acetyl-CoA (5).

The cerebral contribution of ketones increases broadly in propor-
tion to their plasma availability. This does not imply an all-or-none
switch from glucose to ketones. Glucose and ketones are oxidized
simultaneously, with the relative contribution of ketones increasing
during fasting, ketogenic diets, MCT supplementation or exogenous
ketone administration (4, 11, 14, 15). Thus, the relevant concept is
not fuel replacement, but metabolic flexibility. A crucial determinant
of this flexibility is substrate transport. Because ketone bodies are
hydrophilic monocarboxylates, their passage across the blood-brain
barrier and cell membranes requires proton-linked monocarboxylate
transporters (MCTs), which also transport lactate and pyruvate (16).
In this mini-review, MCT refers to medium-chain triglycerides,
whereas monocarboxylate transporters are referred to collectively as
MCTs or identified by their specific isoforms (e.g., MCT1, MCT2,
and MCT4). MCT1 is strategically located in endothelial cells of cere-
bral microvessels and facilitates the transfer of circulating monocar-
boxylates from blood to brain. MCT2, a high-affinity transporter with
predominant neuronal localization in rodent brain, supports neuro-
nal uptake, whereas MCT4 is mainly associated with astrocytes and
monocarboxylate efflux. Experimental evidence indicates that keto-
genic diet increases brain MCT1 expression, suggesting that sus-
tained ketone availability is accompanied by an adaptive increase in
the cerebral capacity to import and utilize monocarboxylates (17).
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Thus, adaptation to ketosis should not be viewed merely as an
increase in circulating ketone concentrations, but as a coordinated
remodeling of substrate transport and utilization. This transporter-
level plasticity (18) provides a mechanistic basis for the progressive
increase in cerebral ketone oxidation observed during fasting or keto-
genic interventions and reinforces the concept that brain fuel selec-
tion is dynamic, regulated and highly dependent on substrate
availability (19). In this context, MCTs expression may represent an
important molecular component of cerebral metabolic resilience,
allowing the brain to increase its reliance on ketone bodies when
glucose availability or glucose utilization becomes limited.

This concept is central to the idea of cerebral metabolic flexibility.
Ketogenic interventions do not need to eliminate glucose metabolism
to be useful. Rather, ketones can supplement cerebral energy produc-
tion when glucose uptake or utilization becomes inadequate. This is
particularly relevant in aging and neurodegeneration (20), where the
problem may be less an absolute shortage of systemic glucose than an
impaired capacity of vulnerable brain regions to use it efficiently.

3 BHB as a fuel and signaling
metabolite

The interpretation of ketosis exclusively as an energetic phenom-
enon is incomplete. BHB is an oxidizable substrate, but it is also a
signaling metabolite capable of linking nutrient availability to cellular
adaptation. Among the best-characterized mechanisms is modula-
tion of histone deacetylase activity and downstream changes in his-
tone acetylation and gene transcription (21-23). Although the
physiological importance of individual epigenetic effects depends on
concentration, cell type and experimental context, the broader prin-
ciple is compelling: a metabolite generated during fasting, exercise or
carbohydrate restriction can transmit information about whole-body
energy status to cellular regulatory systems.

BHB also intersects with pathways involved in oxidative stress
and mitochondrial resilience. Ketone metabolism can influence
NAD+/NADH balance, reactive oxygen species production and anti-
oxidant defense programs (5, 24, 25). These actions are relevant in the
brain, where high oxygen consumption and abundant oxidizable
lipids create vulnerability to oxidative damage. BHB may also influ-
ence inflammatory tone. Experimental work has shown that BHB can
suppress NLRP3 inflammasome activation independently of its role
as a conventional energy substrate (26).

A further mechanistic link concerns brain-derived neurotrophic
factor (BDNF), which supports neuronal survival, synaptic plasticity,
learning and memory. Sleiman and colleagues demonstrated that BHB
can promote BDNF expression through mechanisms involving class I
histone deacetylases (27), while Marosi and colleagues showed also
the involvement of NFkb and histone acetyltransferase p300/EP300 in
BDNF gene expression (28). More recently, a short ketogenic interven-
tion was reported to increase global cerebral blood flow and circulat-
ing BDNF in humans (29). These findings do not prove that every
dietary strategy producing ketones will improve cognition, but they
strengthen the idea that BHB participates in signaling networks rele-
vant to brain maintenance.

The most useful conceptual model is therefore not to view ketones
as fuel versus ketones as signals, but rather as part of an integrated
framework in which these two roles are closely intertwined. Oxidation
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of ketones modifies energetic state, substrate flux and redox balance,
while BHB itself and metabolites downstream of its oxidation influ-
ence transcriptional, inflammatory and neurotrophic pathways. This
dual role provides a plausible bridge between transient metabolic
states and longer-term cellular adaptation.

4 Intermittent metabolic switching: a
preventive framework

The preventive hypothesis proposed here draws heavily on the
concept of intermittent metabolic switching developed by Mattson
and colleagues. In this framework, repeated transitions between feed-
ing and fasting shift metabolism from glucose use and energy storage
toward fatty-acid mobilization, ketogenesis and cellular stress-resis-
tance programs; refeeding subsequently supports growth, protein
synthesis and repair (30-33). Importantly, the biological advantage is
not necessarily continuous ketosis. Rather, it may reside in the capac-
ity to enter and exit ketosis efficiently.

We recently (5)) discussed how fasting and ketogenic diets share
several molecular features but are not identical interventions. Both can
increase ketone availability and modify nutrient-sensing pathways, yet
fasting adds a broader nutrient-deprivation signal, whereas ketogenic
diets may produce ketosis in the presence of adequate or even high
energy intake. This distinction is central for brain health. If BHB is
partly a signal of altered energy availability, then the context in which
it rises matters. A modest BHB excursion after an overnight fast, pro-
longed exercise or time-restricted eating does not convey the same
physiological message as pharmacological ketone elevation in a carbo-
hydrate-fed state, even though the molecule is chemically the same.

This suggests that brain health may benefit not from chronic high
ketone concentrations, but from repeated low-to-moderate ketone
excursions embedded in appropriate physiological contexts. Such
excursions may act as a form of metabolic training, challenging neu-
rons and glia to maintain mitochondrial flexibility, preserve MCTs-
mediated substrate transport, engage antioxidant and autophagic
pathways, and regulate neuroinflammatory tone. In this interpreta-
tion, mild ketosis is not primarily a treatment but an adaptive signal
that periodically reminds the brain that energy availability is variable.

5 Mild ketosis as a brain-wellness
signal: the central hypothesis

The central hypothesis of this Mini Review is that brief, repeated
periods of mildly elevated ketones may contribute to brain wellness and
prevention by maintaining cerebral metabolic flexibility. This differs
from the therapeutic ketogenic model used in epilepsy or neurodegen-
erative disease. In established cerebral glucose hypometabolism, rela-
tively high and sustained ketone availability may be desirable because
ketones are used quantitatively to close an energy gap. In a metabolically
healthy brain, however, there may be little rationale for chronically
replacing glucose with ketones. The potential benefit may instead derive
from preserving the biological machinery required to switch between
substrates: hepatic ketogenesis, blood-brain-barrier transport through
MCTSs, neuronal ketolysis, mitochondrial oxidative capacity, and the
signaling pathways responding to changes in energetic availability.
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This preventive model also reframes the meaning of cognitive per-
formance. Demonstrating that ketones improve a memory task in a
healthy young adult over a few hours is not necessarily the most infor-
mative endpoint. If intermittent mild ketosis influences mitochondrial
quality control, neuroinflammatory tone, BDNF-related signaling,
oxidative-stress resistance and substrate flexibility, the main benefit
may emerge over years as preserved neuronal metabolic competence
rather than acute cognitive enhancement. In this sense, the target is
not a nootropic effect but a resilience phenotype.

The distinction between ketone concentration and ketone dynam-
ics is therefore important. Much ketogenic research implicitly assumes
that greater or more sustained ketosis should produce greater biologi-
cal benefit. For brain wellness, this assumption is unproven and may
be misleading. Physiological BHB exposure is dynamic: concentra-
tions rise during overnight fasting, increase further with prolonged
fasting or carbohydrate restriction, may rise during prolonged exer-
cise, and fall after carbohydrate-containing meals and insulin secre-
tion. These oscillations may carry information about whole-body
energy status. The relevant signal may be the frequency, amplitude and
context of BHB excursions rather than a single fasting ketone value.

Exercise illustrates this point particularly well. It increases energetic
demand while increasing systemic availability of alternative substrates,
especially lactate and, in appropriate conditions, ketones. Both depend
on MCTs-mediated transport, reinforcing the concept that cerebral
metabolic flexibility is not a binary glucose-versus-ketone phenomenon.
The mechanistic link between BHB and BDNF reported by Sleiman et
al. (27)) does not mean that ketones mediate all cognitive benefits of
exercise. However, it suggests that fasting, exercise, lactate metabolism,
BHB signaling and neurotrophic adaptation may belong to a broader
family of energetic challenges that promote neuronal resilience (32).

6 Clinical ketone interventions as proof
of concept, not the whole story: from
energy-gap hypothesis to the
brain-rescue-hypothesis

Clinical studies in MCI, AD, and Parkinson’s disease remain
highly informative, but they should be viewed primarily as proof of
concept rather than as the whole story of ketone biology in the brain.
Reduced cerebral glucose metabolism is one of the most reproducible
metabolic abnormalities in AD (34) and may be detectable before
advanced clinical symptoms become apparent (35). Regional reduc-
tions in glucose uptake are also observed in MCI and in individuals at
increased risk of AD (36), while impaired glucose transport, insulin
signaling, glycolytic flux, and mitochondrial function may all contrib-
ute to this metabolic vulnerability (37). These observations underpin
the “brain energy-gap” hypothesis (13): if neuronal energy demand
remains relatively stable while the ability to acquire or metabolize glu-
cose declines, neuronal networks may become energetically con-
strained before irreversible neuronal loss is complete.

A central feature of this model is that the impairment appears to be
at least partly substrate-specific. While cerebral glucose uptake declines
in MCI and AD, the capacity to take up and oxidize ketone bodies
appears comparatively preserved (10, 12). Accordingly, increasing cir-
culating ketone availability may bypass rather than directly repair defec-
tive glucose utilization (14). This distinction is important because it
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avoids a simplistic interpretation of ketogenic therapy as a means of
“replacing glucose” The more physiologically plausible model is that
ketones provide an additional oxidative substrate that partially closes an
energy gap. The improvement can be obtained through exogenous
ketones or via a physiological plasma increase of circulating ketone
through ketogenic diet (38) or MCT'’s supplementation (14, 20). These
data are important because they link a measurable change in cerebral
substrate utilization with changes in cognition rather than relying solely
on peripheral ketone concentrations. More in detail in MCI, very-low-
carbohydrate diets and ketogenic MCT drinks improved selected cogni-
tive outcomes and increased cerebral ketone utilization while glucose
uptake remained essentially unchanged (14, 20, 39, 40). In AD, MCT-
based formulations and ketogenic diets have produced heterogeneous
but encouraging results, with possible differences according to APOE
genotype and disease stage (41-45). Evidence in Parkinson’s disease
remains preliminary (40, 46, 47). These data support the brain-energy-
rescue hypothesis [Cunnane et al., (13)], but they also imply something
broader: the human brain can use ketones meaningfully when energetic
conditions require it. For prevention, the question becomes whether
regular, physiological opportunities to use this pathway help maintain
the pathway itself.

This interpretation helps avoid a false dichotomy. A strict ketogenic
diet, intermittent fasting, time-restricted eating, prolonged exercise,

10.3389/fnut.2026.1977189

MCT supplementation and exogenous ketones can all raise BHB, but
they do not reproduce the same metabolic state. A ketogenic diet
reduces carbohydrate exposure and usually lowers insulin while increas-
ing fatty-acid oxidation; fasting activates nutrient-deprivation pathways;
exercise combines energetic demand with neuroendocrine and mechan-
ical signals; MCTs stimulate hepatic ketogenesis by providing fatty-acid
substrates even in the fed state; ketone salts and ketone monoesters can
directly increase circulating BHB without requiring hepatic fatty-acid
oxidation for ketone production, whereas some ketone diesters also
provide medium-chain fatty acids that undergo hepatic oxidation and
contribute to the resulting increase in BHB. Therefore, simply measur-
ing whether BHB rises is insufficient. The same molecule may have dif-
ferent biological meaning depending on whether it appears with low
insulin, energy deficit, exercise-induced lactate production, caloric
restriction or exogenous ingestion (5, 30)) (see Figure 1).

7 Safety, limitations and research
priorities

A preventive model of mild ketosis must be stated cautiously.
Long-term trials demonstrating that recurrent mild ketosis prevents
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cognitive decline are not yet available. Strict ketogenic diets can be
difficult to sustain and may cause gastrointestinal symptoms, consti-
pation, micronutrient inadequacy or undesirable lipid responses in
susceptible individuals. MCT commonly produce dose-dependent
gastrointestinal discomfort, and ketone esters are limited by cost,
taste and tolerability. In older adults, poorly designed dietary restric-
tion may compromise energy or protein intake, which is especially
relevant for preserving lean mass.

The preventive hypothesis therefore should not be translated
into a universal recommendation for chronic ketogenic dieting. A
more conservative and physiologically grounded approach is to
study the effects of brief, repeated ketone elevations induced by
feasible lifestyle strategies: overnight fasting, time-restricted
eating, exercise performed with moderate carbohydrate availabil-
ity, modest carbohydrate restriction, MCT-containing meals or
carefully dosed exogenous ketones. These strategies may differ in
efficacy and safety, and they should not be assumed
interchangeable.

Future studies should move beyond the simple comparison of
ketogenic versus non-ketogenic diets. Trials in healthy and middle-
aged populations should quantify ketone exposure patterns: peak
BHB, area under the curve, duration above baseline, frequency of
ketone excursions and the metabolic conditions in which they occur.
These measures should be related to cerebral substrate utilization,
MCT expression or function where possible, cerebral blood flow,
mitochondrial biomarkers, BDNF, inflammatory markers, sleep,
mood, cognitive trajectories and metabolic phenotype. Baseline insu-
lin sensitivity, habitual carbohydrate intake, cardiorespiratory fitness,
age and body composition are likely to modify the response (5, 8, 9,
15, 48).

The key experimental question is no longer only whether ketones
improve cognition acutely. It is whether maintaining the capacity to
generate, transport and oxidize ketones helps preserve the brain’s
metabolic repertoire across aging. This shifts the endpoint from short-
term enhancement to long-term resilience.

8 Conclusions and future perspectives

Ketone bodies occupy an unusual position at the interface of
nutrition, metabolism and neuronal signaling. Their traditional
description as emergency fuels generated when carbohydrate avail-
ability is low is correct but incomplete. BHB and AcAc provide oxidiz-
able carbon to the brain, while BHB participates in pathways relevant
to gene regulation, inflammation, oxidative stress, neurotrophic activ-
ity and cellular resilience.

The strongest clinical rationale for ketone interventions remains
in conditions characterized by cerebral glucose hypometabolism, such
as MCI and early AD (. However, the more original implication is
preventive. If ketones are normal metabolites that rise during fasting,
exercise and reduced carbohydrate availability, the near absence of
such episodes in modern metabolic life may represent a loss of physi-
ological variability. Repeated mild ketone elevations could help main-
tain the pathways required for cerebral substrate switching and may
contribute to brain wellness by supporting metabolic flexibility.
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This perspective moves the field beyond the question of whether
ketones are a better fuel than glucose. The brain does not need a single
ideal substrate; it needs metabolic options. The relevant question may
be: have we lost the physiological occasions on which ketones are sup-
posed to rise? Testing this question will require longitudinal studies
integrating dietary pattern, fasting duration, exercise, ketone dynam-
ics, cerebral metabolism and cognitive aging. Until then, intermittent
mild ketosis should be considered a promising hypothesis for brain
health and prevention, not a proven prescription.

Author contributions

AP: Writing - original draft, Writing — review & editing.

Funding

The author(s) declared that financial support was not received for
this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author AP declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Generative Al statement

The author(s) declared that Generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organiza-
tions, or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the
publisher.

frontiersin.org


https://doi.org/10.3389/fnut.2026.1977189
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Paoli

References

1. Paoli A. The influence of physical exercise, ketogenic diet, and time-restricted eating
on De novo lipogenesis: a narrative review. Nutrients. (2025) 17:17040663. doi: 10.3390/
nul7040663

2. Paoli A, Bianco A, Grimaldi KA. The ketogenic diet and sport: a possible marriage?
Exerc Sport Sci Rev. (2015) 43:153-62. doi: 10.1249/JES.0000000000000050

3. Paoli A, Bosco G, Camporesi EM, Mangar D. Ketosis, ketogenic diet and food intake
control: a complex relationship. Front Psychol. (2015) 6:27. doi: 10.3389/fpsyg.2015.00027

4. Cahill GF Jr. Fuel metabolism in starvation. Annu Rev Nutr. (2006) 26:1-22. doi:
10.1146/annurev.nutr.26.061505.111258

5. Paoli A, Tinsley GM, Mattson MP, De Vivo I, Dhawan R, Moro T. Common and diver-
gent molecular mechanisms of fasting and ketogenic diets. Trends Endocrinol Metab.
(2024) 35:125-41. doi: 10.1016/j.tem.2023.10.001

6. Paoli A, Bianco A, Damiani E, Bosco G. Ketogenic diet in neuromuscular and neuro-
degenerative diseases. Biomed Res Int. (2014) 2014:474296. doi: 10.1155/2014/474296

7. Blazquez E, Hurtado-Carneiro V, LeBaut-Ayuso Y, Velazquez E, Garcia-Garcia L,
Gomez-Oliver F, et al. Significance of brain glucose Hypometabolism, altered insulin
signal transduction, and insulin resistance in several neurological diseases. Front
Endocrinol (Lausanne). (2022) 13:873301. doi: 10.3389/fend0.2022.873301

8. Cui Y, Tang TY, Lu CQ, Ju S. Insulin resistance and cognitive impairment: evidence
from neuroimaging. ] Magn Reson Imaging. (2022) 56:1621-49. doi: 10.1002/jmri.28358

9. Soltani S, Dolatshahi M, Soltani S, Khazaei K, Rahmani M, Raji CA. Relationships
between brain glucose metabolism patterns and impaired glycemic status: a systematic
review of FDG-PET studies with a focus on Alzheimer's disease. Hum Brain Mapp. (2025)
46:€70180. doi: 10.1002/hbm.70180

10. Cunnane S, Nugent S, Roy M, Courchesne-Loyer A, Croteau E, Tremblay S, et al.
Brain fuel metabolism, aging, and Alzheimer's disease. Nutrition. (2011) 27:3-20. doi:
10.1016/j.nut.2010.07.021

11. Myette-Cote E, Soto-Mota A, Cunnane SC. Ketones: potential to achieve brain energy
rescue and sustain cognitive health during ageing. Br J Nutr. (2022) 128:407-23. doi:
10.1017/s0007114521003883

12. Cunnane SC. Metabolic and health implications of moderate ketosis and the keto-
genic diet. Prostaglandins Leukot Essent Fat Acids. (2004) 70:233-4. doi: 10.1016/j.
plefa.2003.11.007

13. Cunnane SC, Trushina E, Morland C, Prigione A, Casadesus G, Andrews ZB, et al.
Brain energy rescue: an emerging therapeutic concept for neurodegenerative disorders
of ageing. Nat Rev Drug Discov. (2020) 19:609-33. doi: 10.1038/s41573-020-0072-x

14. Fortier M, Castellano CA, Croteau E, Langlois F, Bocti C, St-Pierre V, et al. A keto-
genic drink improves brain energy and some measures of cognition in mild cognitive
impairment. Alzheimers Dement. (2019) 15:625-34. doi: 10.1016/j.jalz.2018.12.017

15. Paoli A, Cerullo G, Paoli S, Charrier D, Givralli ], Bianco A, et al. Defining a ketone
threshold for weight loss: evidence from 14 day daily beta-hydroxybutyrate monitoring
in 217 subjects on a ketogenic diet. Nutr Diabetes. (2026) Online ahead of print. doi:
10.1038/s41387-026-00454-6

16. Pierre K, Pellerin L. Monocarboxylate transporters in the central nervous system:
distribution, regulation and function. J Neurochem. (2005) 94:1-14. doi:
10.1111/.1471-4159.2005.03168.x

17. Pifferi F, Tremblay S, Croteau E, Fortier M, Tremblay-Mercier ], Lecomte R, et al. Mild
experimental ~ ketosis increases brain uptake of 11C-acetoacetate and
18F-fluorodeoxyglucose: a dual-tracer PET imaging study in rats. Nutr Neurosci. (2011)
14:51-8. doi: 10.1179/1476830510y.0000000001

18. Streijger E, Plunet W'T, Lee JH, Liu J, Lam CK, Park S, et al. Ketogenic diet improves
forelimb motor function after spinal cord injury in rodents. PLoS One. (2013) 8:€78765.
doi: 10.1371/journal.pone.0078765

19. Coronado-Monroy P, Massieu L. The versatile and multifacetic role of astrocytes in
response to ketogenic interventions. Rev Neurosci. (2026) 37:189-216. doi: 10.1515/
revneuro-2025-0096

20. Fortier M, Castellano CA, St-Pierre V, Myette-Cote E, Langlois E Roy M, et al. A
ketogenic drink improves cognition in mild cognitive impairment: results of a 6-month
RCT. Alzheimers Dement. (2021) 17:543-52. doi: 10.1002/alz.12206

21. Newman JC, Verdin E. Ketone bodies as signaling metabolites. Trends Endocrinol
Metab. (2013) 25:42-52. doi: 10.1016/j.tem.2013.09.002

22. Newman JC, Verdin E. beta-Hydroxybutyrate: a signaling metabolite. Annu Rev Nutr.
(2017) 37:51-76. doi: 10.1146/annurev-nutr-071816-064916

23. Newman JC, Verdin E. beta-hydroxybutyrate: much more than a metabolite. Diabetes
Res Clin Pract. (2014) 106:173-81. doi: 10.1016/j.diabres.2014.08.009

24. Newman JC, Covarrubias AJ, Zhao M, Yu X, Gut P, Ng C-P, et al. Ketogenic diet
reduces midlife mortality and improves memory in aging mice. Cell Metab. (2017)
26:547-557.€8. doi: 10.1016/j.cmet.2017.08.004

25. Puchalska P, Crawford PA. Multi-dimensional roles of ketone bodies in fuel metabo-
lism, signaling, and therapeutics. Cell Metab. (2017) 25:262-84. doi: 10.1016/j.
cmet.2016.12.022

Frontiers in Nutrition

10.3389/fnut.2026.1977189

26. Youm YH, Nguyen KY, Grant RW, Goldberg EL, Bodogai M, Kim D, et al. The ketone
metabolite beta-hydroxybutyrate blocks NLRP3 inflammasome-mediated inflammatory
disease. Nat Med. (2015) 21:263-9. doi: 10.1038/nm.3804

27. Sleiman SE, Henry J, Al-Haddad R, El Hayek L, Abou Haidar E, Stringer T, et al.
Exercise promotes the expression of brain derived neurotrophic factor (BDNF) through
the action of the ketone body beta-hydroxybutyrate. eLife. (2016) 5:¢15092. doi: 10.7554/
eLife.15092

28. Marosi K, Kim SW, Moehl K, Scheibye-Knudsen M, Cheng A, Cutler R, et al.
3-Hydroxybutyrate regulates energy metabolism and induces BDNF expression in cere-
bral cortical neurons. J Neurochem. (2016) 139:769-81. doi: 10.1111/jnc.13868

29. Luong TV, Hansen KV, Hansen AK, Cunnane SC, Moller N, Sondergaard E, et al. A
3-week ketogenic diet increases global cerebral blood flow and brain-derived neuro-
trophic factor. J Clin Endocrinol Metab. (2025) 110:e4176-81. doi: 10.1210/clinem/dgaf207

30. de Cabo R, Mattson MP. Effects of intermittent fasting on health, aging, and disease.
N Engl ] Med. (2019) 381:2541-51. doi: 10.1056/NEJMral905136

31. Mattson MP. The Intermittent Fasting Revolution: The Science of Optimizing Health
and Enhancing Performance. Cambridge: MIT Press (2023).

32. Mattson MP, Moehl K, Ghena N, Schmaedick M, Cheng A. Intermittent metabolic
switching, neuroplasticity and brain health. Nat Rev Neurosci. (2018) 19:81-94. doi:
10.1038/nrn.2017.156

33. Ng GY, Sheng D, Bae HG, Kang SW, Fann DY, Park J, et al. Integrative epigenomic
and transcriptomic analyses reveal metabolic switching by intermittent fasting in brain.
Geroscience. (2022) 44:2171-94. doi: 10.1007/s11357-022-00537-z

34. Tristao-Pereira C, Casquero-Veiga M, Malotaux V, Quiroz YT. Uncovering the causal
link between cerebral glucose metabolism and cognitive function in Alzheimer's disease.
] Alzheimer's Dis. (2026) 112:621-4. doi: 10.1177/13872877261452181

35. Christodoulou RC, Eller D, Papageorgiou PS, Angelopoulou E, Vassiliou E,
Papageorgiou SG. Metabolic dysfunction in Alzheimer’s disease: brain glucose
Hypometabolism as an early precursor to amyloid and tau pathology. J Clin Med. (2026)
15:1884. doi: 10.3390/jcm15051884

36. Rinne JO, Nagren K. Positron emission tomography in at risk patients and in the
progression of mild cognitive impairment to Alzheimer's disease. ] Alzheimer Dis. (2010)
19:291-300. doi: 10.3233/jad-2010-1224

37. Yuan Y, Zhao G, Zhao Y. Dysregulation of energy metabolism in Alzheimer's disease.
J Neurol. (2024) 272:2. doi: 10.1007/s00415-024-12800-8

38. Morrison SA, Fazeli PL, Gower B, Willig AL, Younger J, Sneed NM, et al. Cognitive
effects of a ketogenic diet on neurocognitive impairment in adults aging with HIV: a pilot
study. J Assoc Nurses AIDS Care. (2020) 31:312-24. doi: 10.1097/JNC.0000000000000110

39. Krikorian R, Shidler MD, Dangelo K, Couch SC, Benoit SC, Clegg DJ. Dietary ketosis
enhances memory in mild cognitive impairment. Neurobiol Aging. (2012) 33:425.
€19-425.e27. doi: 10.1016/j.neurobiolaging.2010.10.006

40. Krikorian R, Shidler MD, Summer SS, Sullivan PG, Duker AP, Isaacson RS, et al.
Nutritional ketosis for mild cognitive impairment in Parkinson's disease: a controlled
pilot trial. Clin Park Relat Disord. (2019) 1:41-7. doi: 10.1016/j.prdoa.2019.07.006

41. Henderson ST, Vogel JL, Barr L], Garvin E, Jones JJ, Costantini LC. Study of the keto-
genic agent AC-1202 in mild to moderate Alzheimer's disease: a randomized, double-
blind, placebo-controlled, multicenter trial. Nutr Metab. (2009) 6:31. doi:
10.1186/1743-7075-6-31

42. Ota M, Matsuo J, Ishida I, Takano H, Yokoi Y, Hori H, et al. Effects of a medium-chain
triglyceride-based ketogenic formula on cognitive function in patients with mild-to-
moderate Alzheimer's disease. Neurosci Lett. (2019) 690:232-6. doi: 10.1016/j.
neulet.2018.10.048

43. Xu Q, Zhang Y, Zhang X, Liu L, Zhou B, Mo R, et al. Medium-chain triglycerides
improved cognition and lipid metabolomics in mild to moderate Alzheimer's disease
patients with APOE4—/—: a double-blind, randomized, placebo-controlled crossover trial.
Clin Nutr. (2020) 39:2092-105. doi: 10.1016/j.cInu.2019.10.017

44. Phillips MC, Deprez LM, Mortimer GM, Murtagh DK, McCoy S, Mylchreest R, et al.
Randomized crossover trial of a modified ketogenic diet in Alzheimer’s disease.
Alzheimer's Res Ther. (2021) 13:51. doi: 10.1186/s13195-021-00783-x

45. Bohnen JLB, Albin RL, Bohnen NI. Ketogenic interventions in mild cognitive
impairment, Alzheimer's disease, and Parkinson's disease: a systematic review and
critical appraisal. Front Neurol. (2023) 14:1123290. doi: 10.3389/fneur.2023.
1123290

46. Vanitallie TB, Nonas C, Di Rocco A, Boyar K, Hyams K, Heymsfield SB. Treatment
of Parkinson disease with diet-induced hyperketonemia: a feasibility study. Neurology.
(2005) 64:728-30. doi: 10.1212/01.wnl.0000152046.11390.45

47. Phillips MC, Murtagh DK, Gilbertson L], Asztely FJ, Lynch CD. Low-fat versus keto-
genic diet in Parkinson's disease: a pilot randomized controlled trial. Mov Disord. (2018)
33:1306-14. doi: 10.1002/mds.27390

48. Paoli A, Cerullo G. Investigating the link between ketogenic diet, NAFLD, mitochon-
dria, and oxidative stress: a narrative review. Antioxidants. (2023) 12:1065. doi: 10.3390/
antiox12051065

frontiersin.org


https://doi.org/10.3389/fnut.2026.1977189
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/nu17040663
https://doi.org/10.3390/nu17040663
https://doi.org/10.1249/JES.0000000000000050
https://doi.org/10.3389/fpsyg.2015.00027
https://doi.org/10.1146/annurev.nutr.26.061505.111258
https://doi.org/10.1016/j.tem.2023.10.001
https://doi.org/10.1155/2014/474296
https://doi.org/10.3389/fendo.2022.873301
https://doi.org/10.1002/jmri.28358
https://doi.org/10.1002/hbm.70180
https://doi.org/10.1016/j.nut.2010.07.021
https://doi.org/10.1017/s0007114521003883
https://doi.org/10.1016/j.plefa.2003.11.007
https://doi.org/10.1016/j.plefa.2003.11.007
https://doi.org/10.1038/s41573-020-0072-x
https://doi.org/10.1016/j.jalz.2018.12.017
https://doi.org/10.1038/s41387-026-00454-6
https://doi.org/10.1111/j.1471-4159.2005.03168.x
https://doi.org/10.1179/1476830510y.0000000001
https://doi.org/10.1371/journal.pone.0078765
https://doi.org/10.1515/revneuro-2025-0096
https://doi.org/10.1515/revneuro-2025-0096
https://doi.org/10.1002/alz.12206
https://doi.org/10.1016/j.tem.2013.09.002
https://doi.org/10.1146/annurev-nutr-071816-064916
https://doi.org/10.1016/j.diabres.2014.08.009
https://doi.org/10.1016/j.cmet.2017.08.004
https://doi.org/10.1016/j.cmet.2016.12.022
https://doi.org/10.1016/j.cmet.2016.12.022
https://doi.org/10.1038/nm.3804
https://doi.org/10.7554/eLife.15092
https://doi.org/10.7554/eLife.15092
https://doi.org/10.1111/jnc.13868
https://doi.org/10.1210/clinem/dgaf207
https://doi.org/10.1056/NEJMra1905136
https://doi.org/10.1038/nrn.2017.156
https://doi.org/10.1007/s11357-022-00537-z
https://doi.org/10.1177/13872877261452181
https://doi.org/10.3390/jcm15051884
https://doi.org/10.3233/jad-2010-1224
https://doi.org/10.1007/s00415-024-12800-8
https://doi.org/10.1097/JNC.0000000000000110
https://doi.org/10.1016/j.neurobiolaging.2010.10.006
https://doi.org/10.1016/j.prdoa.2019.07.006
https://doi.org/10.1186/1743-7075-6-31
https://doi.org/10.1016/j.neulet.2018.10.048
https://doi.org/10.1016/j.neulet.2018.10.048
https://doi.org/10.1016/j.clnu.2019.10.017
https://doi.org/10.1186/s13195-021-00783-x
https://doi.org/10.3389/fneur.2023.1123290
https://doi.org/10.3389/fneur.2023.1123290
https://doi.org/10.1212/01.wnl.0000152046.11390.45
https://doi.org/10.1002/mds.27390
https://doi.org/10.3390/antiox12051065
https://doi.org/10.3390/antiox12051065

	Ketones and brain health: from metabolic rescue to metabolic flexibility
	1 Introduction: from brain energy rescue to brain health
	2 Ketone metabolism, transport and cerebral metabolic flexibility
	3 BHB as a fuel and signaling metabolite
	4 Intermittent metabolic switching: a preventive framework
	5 Mild ketosis as a brain-wellness signal: the central hypothesis
	6 Clinical ketone interventions as proof of concept, not the whole story: from energy-gap hypothesis to the brain-rescue-hypothesis
	7 Safety, limitations and research priorities
	8 Conclusions and future perspectives

	References

