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Abstract: Schizophrenia, a complex psychiatric disorder, is increasingly understood to involve immune dysregulation intertwined 
with metabolic and mitochondrial dysfunction. Neuroinflammation, driven by microglial activation, aberrant cytokine signalling, and 
skewed T cell polarization, intersects with impaired cellular bioenergetics and oxidative stress. Metabolic and mitochondrial altera
tions, consistently observed in patients, may constitute both cause and consequence of immune imbalance, sustaining a pathological 
loop that links bioenergetic failure to neuroinflammation. The ketogenic diet (KD), a high-fat, very low-carbohydrate intervention has 
recently gained attention as a potential therapy for schizophrenia. Emerging clinical reports describe improvements in symptom 
burden, weight regulation, and sustained remission. However, this evidence remains preliminary and is limited to pilot studies and case 
series. Preclinical studies provide mechanistic evidence, demonstrating that KD and its primary ketone body, β-hydroxybutyrate, 
attenuate core pathological features including inflammation, synaptic pruning, mitochondrial dysfunction, T cell imbalances and 
epigenetic alterations. Mechanistically, KD reshapes immune balance by favoring regulatory T cell induction over T helper 17 cell 
polarization and dampening pro-inflammatory signalling. Further to this, it improves mitochondrial biogenesis, increases ATP yield 
and reduces reactive oxygens species through increased efficiency of ATP hydrolysis. Epigenetic regulation by multiple pathways 
provides an additional layer of transcriptional control that may sustain therapeutic benefits. By framing KD within the context of 
inflammation research, this review synthesises findings from clinical, preclinical and mechanistic studies to highlight its potential to 
address fundamental disease mechanisms. 
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Introduction
Schizophrenia is a psychiatric disorder with a lifetime prevalence estimate of 0.6% of and contributes substantially to 
morbidity, mortality and social disability.1 Current therapeutic options primarily target dopaminergic signaling, yet 
residual symptoms, cognitive impairment, and poor functional outcomes remain untreated.2 An estimated one fifth to 
a half of patients suffer from treatment resistant schizophrenia (TRS), defined as a failure of two or more antipsychotic 
medications.3 Less than one in seven people affected meet the criteria for recovery.4 These challenges underscore the 
need for novel therapeutics approaches.

Beyond dopamine dysregulation, schizophrenia features systemic and central immune activation that correlates with 
symptom severity and function decline.5 Metabolic and mitochondrial alterations, consistently observed in schizophrenia, 
exist as both a cause and consequence of immune dysregulation, sustaining a pathogenic cycle that links bioenergetic 
failure to neuroinflammation. The ketogenic diet (KD) has garnered clinical interest due to its extensive immuno- 
metabolic modulation capabilities, demonstrating therapeutic potential preclinical and clinical schizophrenia cohorts.6 Its 
therapeutic efficacy likely stems from integrated modifications involving immune regulation, metabolic reprogramming, 
and epigenetic alterations. The KD shifts systemic and cerebral energy metabolism from glucose toward ketone body 
utilisation. This metabolic transition enhances mitochondrial efficiency, increases ATP production, and reduces oxidative 

Journal of Inflammation Research 2025:18 16761–16771                                                16761
© 2025 Hung et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                     

Open Access Full Text Article

Received: 17 September 2025
Accepted: 24 November 2025
Published: 1 December 2025

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-9609-1634
http://orcid.org/0000-0003-1536-7270
http://orcid.org/0000-0002-2380-7902
http://orcid.org/0000-0001-6104-7943
http://orcid.org/0000-0003-4568-9721
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


stress. Beyond energy metabolism, KD exerts anti-inflammatory and neuroprotective effects through inhibition of 
microglial activation and suppression of pro-inflammatory cytokines such as IL-6 and IL-17A. Given that schizophrenia 
is increasingly recognised as a disorder of neuroinflammation, oxidative stress, and metabolic dysregulation, these 
mechanisms provide a strong theoretical basis for the potential therapeutic benefits of KD. Through coordinated 
modulation of immunometabolic and redox pathways, KD may help restore neuronal homeostasis and functional 
connectivity disrupted in schizophrenia.

Here we will outline how this biological starvation-driven metabolic response can be harnessed to attenuate 
pathological inflammation and address critical metabolic dysregulation in SZ.

Clinical and Preclinical Evidence
Ketogenic metabolic therapy (KMT; ketogenic diet) is an evidence-based therapy for the management of seizure 
disorders. Its efficacy was first described over 100 years ago in epilepsy and has been supported by numerous studies, 
clinical trials and Cochrane systematic reviews and meta-analyses.7–10 More recently, KMT has made inroads in the 
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management of psychiatric disorders, such as schizophrenia and other psychotic conditions. This section summarizes the 
emerging evidence from clinical studies and reviews mechanistic insights from preclinical research over the past decade.

The recent interest in this treatment modality for schizophrenia has its roots in earlier work. The first publication 
suggesting the potential efficacy of KMT in schizophrenia was published 60 years ago, in 1965, in an open-label pilot 
study of 10 females who responded well to two weeks of KMT as determined by significantly decreased symptomology 
by two independent clinicians, although no controls were included and dietary adherence was unclear (Table 1).11 Kraft 
and Westman later reported a case of a 70-year-old woman with chronic schizophrenia in whom KMT, which in this case 
involved restriction of dietary carbohydrate intake to fewer than 20 grams per day, produced resolution of longstanding 
hallucinations and delusions after eight days on the diet, with no recurrence over 12 months.12 More recently, Palmer and 
collaborators demonstrated the notable efficacy of KMT in a series of case studies. In one instance, a male and a female 
patient with schizoaffective disorder showed an approximately 50% reduction in psychotic symptom scores, as measured 
by positive symptoms score in the gold-standard Positive and Negative Syndrome Scale (PANSS), which returned when 
they stopped the diet but improved again upon resumption of KMT.13 Two opposite-sex twins with chronic schizophrenia 
experienced reduced PANSS scores from baselines over a 6-week period on 3:1 ratio KMT with less than 15 grams of 
daily carbohydrate intake, although adherence and thus time in ketosis were limited.14 In a small case series of two 
individuals (one being the same person described by Kraft and Westman,12 now 80 years old, both showed a remarkable 
and sustained full remission for 5 and 12 years on KMT without antipsychotics.15 Very recently, in a retrospective case 
series of two females with schizoaffective disorder, 2:1 ratio KMT produced full remission of psychotic symptoms as 
described by treatment teams, and mood symptoms as assessed by The Generalized Anxiety Disorder-7 (GAD-7), 
Depression Anxiety Stress Scales (DASS-42), and PTSD Checklist for DSM-5. Additionally, substantial functional 
recovery, and reduced need for medications were reported.16 Across these reports, patients on KMT have shown 
consistent weight loss and overall improvements in quality of life. A retrospective analysis of 10 patients with 
schizoaffective disorder treated with KMT found, similar to Palmer’s case studies, nearly a 50% reduction in psychiatric 
symptoms measured by PANSS.17 In addition, an open-label pilot trial of five individuals with chronic schizophrenia 
showed a 32% reduction in psychosis rating scale scores, along with improvements in clinical global impression, life 
satisfaction, and sleep quality.18 Taken together, these early clinical data indicate clear promise for KMT in reducing 
symptoms while improving metabolic health and overall daily functioning in schizophrenia.

Table 1 Clinical Trials of Ketogenic Metabolic Therapy (KMT) for Schizophrenia

Study Type Year Number of 
Participants

KMT Duration Key Psychiatric Finding Reference

Pilot study 1965 N=10 2 weeks Decreased symptomology reported by two 

independent clinicians

[11]

Case study 2009 N=1 12 months Resolution of hallucinations and delusions [12]

Case series 2017 N=2 1 year and 4 months 
respectively

50% reduced in positive symptom score measured by 
PANSS

[13]

Case series 2018 N=2 6 weeks Reduced PANSS score [14]

Case series 2019 N=2 5 years and 12 years 

respectively

Full remission [15]

Case series 2025 N=2 6 weeks and 6 months 

respectively

Full remission [16]

Retrospective 

study

2022 N=10 Varied from 14–250 days 50% reduced in positive symptom score measured by 

PANSS

[17]

Pilot study 2024 N=5 4 months 32% reduction in psychosis rating Brief Psychiatric 

Rating Scale scores

[18]
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The emerging clinical evidence, although encouraging, is limited to small pilot studies or individual case reports, with 
insufficient monitoring of dietary adherence. Additionally, these studies provide little insight into the potential mechan
isms that may underlie the efficacy of KMT in schizophrenia. Preclinical studies using mouse models of schizophrenia 
over the last ten years may help guide our mechanistic understanding. In a series of studies, Kraeuter et al showed that 
a three-week KD normalized the entire schizophrenia-related behavioral sequelae in a mouse model based on the 
hypoglutamatergic theory of schizophrenia, using the NMDA glutamate receptor antagonist dizocilpine (MK-801).19,20 

These behaviors included locomotor hyperactivity, stereotyped behavior, social deficits, impaired working memory, and 
deficits in sensorimotor gating (prepulse inhibition of startle). Importantly, they demonstrated that the improvement in the 
prepulse inhibition (PPI) deficit was independent of the weight-loss-inducing effects of KMT,20 a crucial consideration 
since weight loss is a universal metabolic consequence of successful adherence to the diet, reflected in a ketotic metabolic 
state.

Based on the initial clinical studies, questions have been raised regarding the potential interaction between anti
psychotics and KMT. It was shown that chronic KMT was as efficacious in normalizing the PPI deficits in the glutamate 
hypofunction model of schizophrenia as chronic administration of olanzapine, a clinically used antipsychotic. The 
combination of KMT and olanzapine did not produce an additive effect, but neither interfered with each other in 
a deleterious way.21 This finding supports the safe and effective combination of the dietary metabolic approach and 
a pharmacological treatment modality.

In examining how KMT exert its beneficial effects, one of the first questions is the potential mediating role of the 
main circulating ketone body, beta-hydroxybutyrate (BHB), which is produced by the liver during KMT. Chronic BHB 
injections (for three weeks, to mimic the duration of effective KMT) normalized hyperlocomotion, social withdrawal, and 
PPI deficits in the glutamate hypofunction model of schizophrenia.22 Supporting the generalizability of the KMT’s 
efficacy across mechanistically distinct preclinical models, studies in DBA mice, which carry a genetically-driven 
auditory gating impairment similar to what may exist in people with psychosis, showed improved auditory gating on 
KMT, an effect also seen in individuals with schizophrenia treated with antipsychotics.23 Furthermore, plasma ketone 
levels were found to correlate with improvements in auditory gating.23 Although more research is needed using a broader 
range of etiologically relevant preclinical models, such as the maternal immune activation model, current preclinical data 
strongly support the initial clinical findings and provides a foundation for better mechanistic understanding.

Changes in Inflammation
Mounting clinical and translational evidence indicates that schizophrenia is characterized by concomitant neuroinflam
matory processes within the central nervous system (CNS) and systemic immune activation in the periphery. Microglia 
are the resident immune cells of the central nervous system, responsible for maintaining neural homeostasis through 
surveillance, phagocytosis, and cytokine signaling. Microglia play a pivotal role in the CNS as key regulators of immune 
surveillance, by switching between steady and activated states they critically maintaining inflammatory balance neces
sary for neural homeostasis and proper brain function. Pro-inflammatory microglia have been implicated as central 
mediators of neuropathology in schizophrenia.24 Genetic risk factors and environmental stressors, such as prenatal 
infection, can prime microglia towards an activated phenotype. Activated microglia release cytokines including IL-6, IL- 
1β, and TNF-α, and upregulate inflammasome components such as NLRP3, initiating a self-sustaining inflammatory 
cascade.25 One central pathway involves matrix metalloproteinase-9 (MMP-9) and the receptor for advanced glycation 
end-products (RAGE): MMP-9 disrupts the blood–brain barrier and generates RAGE ligands that activate nuclear factor 
κB (NF-κB) signaling, amplifying cytokine transcription and maintaining chronic neuroinflammation.26 Activated 
microglia also upregulate complement and phagocytic markers, including C4a, a hallmark of schizophrenia 
pathology.27 In humans, increased brain gene expression of the complement component C4a has been associated with 
greater schizophrenia risk. Overexpression of C4a in adult, but not juvenile, mice led to excessive pruning, measured by 
reduced cortical synaptic density, through increased microglia-mediated pruning and altered behavior, parallelling 
schizophrenia pathophysiology.27 These processes collectively drive excessive synaptic pruning, particularly of gluta
matergic synapses, contributing to cortical thinning and cognitive deficits observed in patients.
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Emerging evidence suggests that BHB engages hydroxycarboxylic acid receptor 2 (HCAR2) receptors on microglia 
to suppress NLRP3 inflammasome activation, attenuate pro-inflammatory gene expression, and promote an immunor
egulatory phenotype.28,29 Importantly, KD has been shown to decrease NF-κB expression and inhibit MMP-9 in 
preclinical studies.30,31 This shift mitigates microglia-mediated synaptic pruning and downstream cytokine production. 
Preclinical studies in Alzheimer’s disease models demonstrate that ketogenic interventions reduce microglial activation 
and restore synaptic density, supporting the neuroprotective potential of metabolic therapy.32 Translating these findings to 
schizophrenia, the ketogenic diet may represent a promising strategy to modulate microglial reactivity, preserve synaptic 
integrity, and counteract neuroinflammatory cascades.

Beyond cytokine signaling, activated microglia exacerbate neuronal injury through excessive reactive oxygen species 
(ROS) generation, predominantly via NADPH oxidase-2 (NOX-2).33 Elevated ROS disrupts mitochondrial respiration, 
oxidizes membrane lipids, and contributes to cortical thinning and cognitive deficits through synaptic damage.34 This 
oxidative stress not only results from but also perpetuates microglial activation, establishing a feed-forward loop between 
inflammation and redox imbalance.35–37

Ketogenic metabolism interrupts this cycle by enhancing mitochondrial efficiency and providing ketone bodies as 
oxidative fuels that generate fewer free radicals than glucose.38 BHB directly scavenges ROS and upregulates antioxidant 
defense pathways, while improved mitochondrial redox balance reduces NOX-2 activation.39 Collectively, these pro
cesses limit oxidative injury and support neuronal survival in an environment otherwise dominated by microglia- 
mediated oxidative stress.

Among the immune mediators implicated in schizophrenia, interleukin-17 (IL-17) has emerged as a key contributor to 
neuroinflammatory processes.40 Produced predominantly by T helper 17 (Th17) cells, IL-17A has been linked to cortical 
deficits in a developmental mouse model.41 Specifically, preclinical evidence indicates that IL-17A impairs the migration 
and maturation of cortical inhibitory interneurons, particularly parvalbumin-positive (PV) gamma-aminobutyric acid 
(GABA)ergic inhibitory interneurons, which are essential for coordinated cortical activity and cognitive functions.42 The 
high metabolic demand of these neurons makes them especially vulnerable to ROS-mediated injury, in addition to the 
depletion of their protective perineuronal nets (PNNs) observed in both schizophrenia patients and preclinical models.43–46 

Animal models have additionally linked dysfunction of PV interneurons as contributing to heightened oxidative stress and 
striatal dopamine dysregulation previously observed in patients.37,47 Additional inflammatory consequences arise from 
sustained excitatory signaling which increases extracellular glutamate, contributing to excitotoxicity and subsequent 
microglial activation.

The KD supports inhibitory signaling by promoting glutamate-to-GABA conversion and facilitating GABAergic 
neuron function, as ketone bodies provide an efficient energy source for these metabolically demanding cells.48 This is 
particularly relevant given substantial evidence of glucose hypofunction and energy deficits in the brains of individuals 
with schizophrenia. By improving metabolic support for this susceptible population of inhibitory neurons, the KD may 
help rebalance excitatory-inhibitory balance, thereby reducing ROS production and downstream neuroinflammation.

Importantly, the metabolic state induced by the KD also influences adaptive immunity, shifting T cell subsets away 
from an inflammatory phenotype. Pathogenic Th17 cells are highly dependent on glycolysis and de novo fatty acid 
synthesis (FAS) to fuel their pro-inflammatory differentiation and function.49 The key enzyme in de novo FAS, acetyl- 
CoA carboxylase 1 (ACC1), catalyzes the conversion of acetyl-CoA into malonyl-CoA, and elevated ACC1 expression 
enhances Th17 cell polarization by promoting retinoic acid-related orphan receptor gamma t (RORγt) binding to the IL- 
17 gene locus.50 In contrast, regulatory T cells (Tregs) rely on mitochondrial oxidative phosphorylation (OXPHOS) and 
fatty acid oxidation (FAO) to support their anti-inflammatory programs.51 The ketogenic metabolic state suppresses 
ACC1 activity and favors FAO, thereby promoting Treg stability and function while inhibiting Th17 polarization.52 

BHB-mediated downregulation of mechanistic target of rapamycin (mTOR), and hypoxia-inducible factor 1 alpha (HIF- 
1α) signaling pathways further reinforce this shift.53 This immunometabolic reprogramming fosters a systemic anti- 
inflammatory environment, potentially mitigating the neuroinflammatory cascades associated with schizophrenia.
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Changes in Systemic Metabolic Health
Insulin resistance represents a key metabolic disturbance that limits glucose availability to the brain and contributes to 
neural dysfunction. Metabolic disturbances, particularly insulin resistance and impaired glucose tolerance, are frequently 
observed in patients with schizophrenia, independent of antipsychotic medication effects.54 Studies indicate heightened 
prevalence and severity of insulin resistance in both medicated and antipsychotic-naïve individuals.55 Such systemic 
metabolic abnormalities not only complicate clinical management but also exacerbate neuronal dysfunction by impairing 
glucose utilization, thereby influencing cognitive and functional outcomes.56 Genome-wide association studies (GWAS) 
have identified schizophrenia-associated genetic loci, including TCFL2, FTO and SLC2A2, which are established risk 
genes for type 2 diabetes.57 Given the intrinsically intertwined functions of the metabolic and immune systems, including 
immune cell-fate determination, cytokine-insulin crosstalk, and metabolite signaling, insulin resistance may represent 
both a cause and consequence of the low-grade chronic inflammation observed in schizophrenia.58,59 Indeed, oxidative 
stress has been identified as point of convergence of these dynamic systems, propagating feedforward mechanisms 
irrespective of the primary affected system or trigger.37 The ketogenic diet, by reducing systemic insulin levels and 
enhancing insulin sensitivity through improved glycemic control and reduced carbohydrate dependency, has the potential 
to mitigate these metabolic disturbances.60 Indeed, a pilot trial including 23 participants with bipolar or schizophrenia 
reported a 17% decrease in insulin resistance as scored by the Homeostatic Model Assessment for Insulin Resistance 
(HOMA-IR) following a 4-month KD intervention period.18 In the absence of dietary glucose, ketone bodies become the 
primary fuel source for both the brain and peripheral tissues, lowering glucose-induced insulin secretion thereby 
alleviating insulin resistance. KD-induced improvements in insulin sensitivity may significantly contribute to reducing 
the metabolic dysfunction commonly associated with schizophrenia, indirectly supporting neuronal health and cognitive 
function, as reported in clinical studies on patients with psychiatric conditions, as well as in preclinical studies on mouse 
skeletal muscle.18,61,62 Supporting this mechanistic pathway, metformin, classically prescribed for the treatment of type 2 
diabetes, has recently shown promise in improving both inflammatory and cognitive profiles in patients with 
schizophrenia.63

Changes in Cellular Metabolism
Longstanding and emerging research underscores metabolic dysfunction as a significant contributor to the pathogenesis 
of schizophrenia. Although the metabolic complications associated with atypical antipsychotics are well documented, 
evidence indicates that metabolic abnormalities precede pharmacological intervention.54,64 Notably, studies reveal an 
elevated incidence of diabetes among antipsychotic-naïve patients with schizophrenia compared to the general popula
tion, which, paired with evidence of genetic overlap, suggests inherent metabolic dysregulation associated with disease 
onset.57,65

Neuroimaging and postmortem studies further support this, consistently demonstrating disrupted energy metabolism 
and mitochondrial dysfunction in schizophrenia brains.66,67 Efficient cellular energy metabolism sustains neuronal 
signaling, antioxidant defenses, and overall brain homeostasis. Although the adult human brain only constitutes about 
2% of total body weight, it consumes nearly 20% of resting metabolic energy. This energy, primarily supplied as glucose, 
supports essential processes such as neurotransmitter synthesis, synapse development, and neuronal plasticity. While 
glycolysis and OXPHOS are the principal pathways for ATP production, their balance and efficiency appear compro
mised in schizophrenia.68 Evidence includes elevated cerebral lactate levels, diminished activity of mitochondrial 
enzymes, particularly within respiratory chain complexes I and IV.67,69 Reduced mitochondrial biogenesis, indicated 
by decreased mitochondrial DNA content, coupled with unchanged energetic demand, results in an increased workload 
for the remaining organelles and a net rise in cellular ROS.70,71 One mechanism by which this may occur is via reduced 
cortical peroxisome proliferator-activated receptor-gamma coactivator 1 alpha (PGC-1α)-dependent transcripts, as 
reductions PGC-1α expression is accompanied by increased ROS production.72 Disrupted mitophagy, resulting in 
inefficient clearance of damaged mitochondria, may further exacerbate oxidative stress, thereby contributing centrally 
to neuroinflammation and neurotransmitter dysregulation.68,73

The KD addresses mitochondrial impairment through multiple integrated mechanisms. Chronic ketosis has been 
shown to increase neuronal ATP availability, likely through enhanced mitochondrial biogenesis, elevated mitochondrial 
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protein expression, and improved energy utilization efficiency from ketone oxidation.74 Indeed, rats with selectively 
induced mitochondrial dysfunction in forebrain neurons exhibited upregulation of PGC-1α, NAD-dependent protein 
deacetylase sirtuin-3 (SIRT3) and uncoupling protein 2 (UCP2) following ketogenic diet treatment, leading to improved 
mitochondrial mass and bioenergetics.75 Ketone bodies can also be advantageous from a bioenergetics perspective. Like 
fatty acids, ketone bodies have a higher energy yield per mol compared to glucose, yet can bypass limitations in fatty acid 
transport, including across the blood-brain barrier and into neuronal mitochondria for oxidation.76 Ketone bodies 
normally spare glucose under times of nutrient scarcity (fasting) or high energy demand (long-distance exercise), but 
under nutritionally replete conditions, this enables glucose to fuel ancillary pathways such as the production of NAPDH 
(eg via the pentose phosphate pathway) for antioxidant (glutathione) generation.77,78 Additionally, ketone utilization 
elevates the NAD+/NADH ratio, promoting more efficient mitochondrial OXPHOS. Coupled with upregulation of the 
antioxidant system, this reduces steady-state mitochondrial ROS output, thereby alleviating oxidative stress.79

Converging evidence implicates oxidative stress as both an upstream catalyst and perpetual amplifier of neuroin
flammation, with the redox-immune axis creating a vicious cycle that drives neuronal injury.37 The KD disrupts this cycle 
by enhancing bioenergetic efficiency and mitigating oxidative damage, thereby demonstrating considerable therapeutic 
potential for managing metabolic dysregulation in schizophrenia.

Epigenetic Modifications
Epigenetic regulation controls gene expression through reversible molecular modifications, allowing environmental and 
metabolic cues to influence neural function without altering DNA sequence. These mechanisms are increasingly 
recognised as contributors to the pathophysiology of schizophrenia, mediating the complex interplay between genetic 
susceptibility and environmental exposures.80 EWAS have been instrumental in identifying novel epigenetic markers 
associated with treatment response, as well as methylation profiles that confer genetic risk.81 These changes have been 
linked to dysregulation of key neurotransmitter systems, particularly dopaminergic and glutamatergic signaling, and have 
been correlated with clinical symptoms.82,83 Additional epigenetic alterations have been observed in genes related to 
oligodendrocytes and myelin sheaths, highlighting potential mechanisms underlying white matter abnormalities in 
schizophrenia.84 Enhanced DNA methyltransferase (DNMT) activity and increased histone deacetylation via HDACs 
are characteristic epigenetic disruptions reported in schizophrenia, reinforcing chromatin condensation and gene 
silencing.85 Furthermore, aberrant expression of specific microRNAs (miRNAs) has been identified, which may regulate 
oxidative stress, inflammation, and neurotransmitter biosynthesis.86 These miRNA changes have been associated with 
illness course, symptom severity, and variability in treatment response, although the causal pathways remain under active 
investigation.

The KD has been shown to exert regulatory effects on the epigenome and is linked to changes in both energy 
metabolism and neuroprotection.87 Importantly, diet significantly influences epigenetic regulation, both through the direct 
production of metabolites (benzoyllysine, phytochemicals) and indirect, gut microbiome-derived metabolites (short-chain 
fatty acids), particularly butyrate.88 BHB also participates in histone modifications, including lysine β- 
hydroxybutyrylation (Kbhbh), a post-translational modification that alters chromatin structure and transcriptional 
activity.89,90 In parallel, ketosis-induced increases in intracellular NAD+ enhance the activity of sirtuins, a class of 
NAD+-dependent histone deacetylases, further modulating chromatin accessibility and gene expression profiles.91 The 
KD may also indirectly reduce pathological DNA hypermethylation through increased neuronal adenosine availability, 
thereby constraining DNA methyltransferase (DNMT)-mediated gene silencing.92 Although the downstream functional 
consequences of these transcriptional changes remain to be fully elucidated, it is plausible that alterations in the 
epigenetic landscape contribute to the therapeutic efficacy of the KD via modulation of key pathophysiological processes, 
including neuroinflammation and oxidative stress.

Conclusion
Clinical and preclinical evidence converge to support the ketogenic diet (KD) as a promising therapeutic approach for 
schizophrenia. Pilot clinical and case studies demonstrate symptomatic and cognitive improvements, while preclinical 
models show that KD can be as efficacious as antipsychotic treatment in normalising behavioural and neurobiological 
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abnormalities. At the immunological level, KD reduces microglial activation, dampens Th17-associated cytokine 
signalling, and restores T-cell balance. These immune effects are linked to the metabolic state of immune cells, 
connecting inflammation to the broader metabolic adaptations induced by KD. Consistent with this, KD enhances insulin 
sensitivity and reduces oxidative stress, indicating improved systemic regulation. At the cellular level, KD promotes 
mitochondrial biogenesis and efficiency while limiting reactive oxygen species, thereby supporting neuronal energy 
metabolism and redox stability. In parallel, KD-derived β-hydroxybutyrate mediates direct and indirect epigenetic 
modifications that may further modulate neuroinflammatory gene expression. Despite these promising mechanisms, 
current clinical evidence remains limited by small cohorts, short intervention periods, and adherence challenges. KD may 
not be an appropriate intervention for individuals with absolute contraindications such as pancreatitis, liver failure, or 
inherited disorders of fat metabolism.93 Large-scale, rigorously controlled clinical studies are essential to confirm 
efficacy, safety, and define the therapeutic scope for KD as an adjunct or alternative therapy in schizophrenia.
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