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Abstract
Introduction and purpose

Schizophrenia (SZ) and bipolar disorder (BPD) are serious mental disorders that significantly
affect the functioning and efficiency of a person. The ketogenic diet (KD) reduces inflammation
in the body and improves the efficiency of the nervous system. The aim of this article is to

present the impact of the ketogenic diet on the course of these diseases.
Material and methods

The review was conducted based on the analysis of materials collected in the "PubMed"
databases. The following keywords were entered when searching for scientific articles:
ketogenic diet; bipolar affective disorder; schizophrenia; pathophysiology of schizophrenia;
ketogenic diet shizophrenia; ketogenic diet bipolar disease. A total of 32 articles published in
2020-2025 were taken into account for the study and their relevance in the context of the topic
of the effect of the ketogenic diet on the course of schizophrenia and bipolar disorder was

verified.
Description

The way of eating significantly affects the human body. It provides it with fuel for functioning
and soothes the symptoms of many diseases. It is worth focusing on the KD, which has been

proven to have a wide range of effects: from anti-inflammatory, through mood stabilization and


mailto:laurlorys@gmail.com

reduction of productive symptoms, to weight loss and improvement of laboratory test

parameters.

Summary

Bipolar disorder and schizophrenia are psychiatric conditions that significantly impair a
person's life and functioning. Their treatment most often involves pharmacotherapy, which may
be ineffective in controlling symptoms. In such cases, a ketogenic diet can be used to help
stabilize mood and alleviate symptoms of a psychological nature. Therefore, expanding
research in this direction may be crucial in developing new strategies to support the treatment

of BPD and SZ with KD.
Keywords:

ketogenic diet, bipolar affective disorder, schizophrenia, ketogenic diet schizophrenia,

ketogenic diet bipolar affective disorder

Introduction and purpose

There is no doubt that diet has a significant impact on human function and body condition. Its
nutritional content influences the development and metabolism of the gut microbiota, which
plays a role in modulating inflammation. In addition, it influences the levels of
neurotransmitters, such as dopamine and serotonin. The microbiota regulates the gut-brain axis
via metabolites, so it may play an important role in the pathogenesis of psychiatric diseases.
Therefore, an unhealthy lifestyle, including an inadequate diet, increases the risk of central

nervous system diseases [1].

Research shows that in mental illnesses, such as schizopherania (SZ), there are adverse changes
in carbohydrate metabolism and insulin signalling in the body. In addition, signalling between

neurons and astrocytes, abnormal glutamate neurotransmission, decreased GABA, dysfunction



of circulating lactate and impaired glycolysis are all impaired in this disease [2, 3]. These
changes lead to impaired production of ATP necessary for central nervous system (CNS)

function, a likely factor also involved in the pathogenesis of bipolar affective disorder (BPD)

[2].

The primary treatment for these mental illnesses is pharmacotherapy, which is sometimes
associated with a number of side effects and failure to achieve the expected therapeutic goal,

which can translate into patient frustration and lack of motivation to continue treatment [3].

The ketogenic diet (KD) not only has an effect on nervous system function, but also results in
an overall reduction of inflammation in the body, oxidative stress and supports mitochondrial
function, which is responsible for ATP synthesis [2]. In a group of people with obesity and type
IT diabetes, KD has been shown to be compelling in its stabilising effects and there have been
improvements in mood, sleep, mental clarity and cognitive abilities [2, 4, 5]. Furthermore,
increased craving for carbohydrates may be associated with atypical depression. Animal studies
have shown the potential of this diet to have antidepressant and anxiety-reducing effects. It has
also been observed to attenuate psychotic symptoms in patients, who started using KD [4]. It
also has a positive effect on inflammatory cytokine levels by, among other things, lowering IL-
17, which has a pro-inflammatory effect, and raising the anti-inflammatory IL-10. This results
in the anti-inflammatory effect mentioned earlier, as well as an additional neuroprotective effect

[2, 6].

This piece aims to review the available knowledge on the impact of a non-pharmacological

intervention, i.e. the use of a KD by people with SZ and BPD on the course of these illnesses.
Material and methods

The review was conducted based on the analysis of materials collected in the "PubMed"
databases. The following keywords were entered when searching for scientific articles:
ketogenic diet; bipolar affective disorder; schizophrenia; pathophysiology of schizophrenia;
ketogenic diet shizophrenia; ketogenic diet bipolar disease. A total of 32 articles published in
2020-2025 were taken into account for the study and their relevance in the context of the topic
of the effect of the ketogenic diet on the course of schizophrenia and bipolar disorder was

verified.



Bipolar affective disorder

Bipolar affective disorder (BPD) is a severe, chronic mental disorder associated with severe
mood changes [7, 8]. During its course, there are symptoms of mania/hypomania alternating
with depression, or mixed episodes with euthymia inbetween [9]. BPD is divided into two
subtypes. The first is characterised by at least one lifetime episode of mania with subsequent
depressive symptoms, while in type II the patient experiences symptoms of hypomania with a

subsequent depressive episode diagnosed on the basis of DSM-5 criteria [7, 10].

A manic or hypomanic episode is associated with, among other things, elevated mood, euphoria,
feelings of grandiosity, hyperactivity and increased sexual activity, despite a decreased need for

sleep. In addition, the patient may present with irritability or aggression [8, 9].

In contrast, during depression, there is anhedonia, sadness or reduced motor drive. Up to 60%
of patients present suicidal thoughts, while almost half may attempt to take their own lives. %5
of those affected by BPD die by suicide [8]. In addition to BPD-related complaints, patients
often suffer from other conditions, such as diabetes, cardiovascular disease or respiratory
disease. Furthermore, their life expectancy is nine years shorter than the population life

expectancy [8].

Scientific articles on BPD estimate the total number of people diagnosed to be approximately
50 million worldwide (1-4% of the population), where the average age of sufferers is
approximately 20 years [8, 10]. Such an early age of onset may be associated with serious
consequences, €.g. worse prognosis, more comorbidities, the first symptom in the form of
depression and its more severe course and also delays in treatment or misdiagnosis [10]. This
results in young adults with a diagnosis of BPD being significantly more likely to use

psychoactive substances and commit suicide compared to the older patient population [11].

Despite continuous medical advances, the definitive etiopathology of the disease is not known.
It has been noted that the development of the disease is influenced by a number of factors
interacting with each other, including genetic, environmental or neurochemical component [7,

8].

BPD has been shown to be a heritable and polygenic condition, with heritability rates as high

as 80% [8, 10]. In addition, it shows a possible, albeit incomplete, genetic overlap with many



other psychiatric conditions, e.g. SZ, as has been demonstrated, e.g. by studies on twins [10,
12]. Children whose parents have disclosed abnormalities in mental functioning are more likely
to develop similar symptoms [12]. To date, as many as 64 unrelated loci have been identified
that may increase the risk of BPD [9]. Furthermore, genetic overlap between conditions means

that traditional pharmacological treatments may not be effective [12].

Neurochemical factors also play a significant role in the pathophysiology of the disease.
Oxidative stress (OS), which disrupts mitochondrial function and the dopamine system, is
important in BPD. The increased amounts of dopamine present during mania, in a sequence of
chemical reactions, lead to the formation of reactive oxygen species (ROS), resulting in protein
oxidation [7]. The combination of the above factors, along with chronic inflammation in the
body and sleep disturbances, can lead to cognitive dysfunction and intellectual disability, as

well as the occurrence of worsening episodes of the illness or treatment failure [8, 12].

Environmental factors that increase the risk of BPD are also worth mentioning. These include
perinatal respiratory failure, abnormal growth and development during the perinatal period. In
addition, childhood abuse is also a major influence, which can result in more severe episodes
of mood changes, earlier illness or increased risk of suicide. Exposure to air pollutants or the
recently popular COVID-19, which has resulted in increased hospitalisations and mortality in

people with BPD and SZ, is also an important environmental factor [9].

In the treatment of BPD, lithium, anticonvulsants, as well as some typical and atypical
neuroleptics have documented effects. Attention should be paid to difficulties in treating
depression symptoms associated with BPD, due to the possibility of inducing mania or

hypomania during use, for example SSRIs [8].

Schizophrenia

SZ is a severe mental illness ranked among the 15 leading causes of disability worldwide. It is
associated with the presence of productive symptoms or so-called positive symptoms, such as
delusions, visual, auditory, olfactory or tactile hallucinations. These describe phenomena which
are not occurring at the time. In addition, the disorder also distinguishes negative symptoms,

which in turn can be explained by the absence of some usual behaviour, such as social



withdrawal, anhedonia, avolition, allogia, loss of affect, including monotone tone of voice and
immobile facial expressions, impairment in attention, learning, problem solving and working

memory [13, 14].

The disease usually has its onset in young people in early adulthood and the number of sufferers
is approximately 0.7% of people worldwide [14, 15]. It shortens life expectancy by about 20

years, mainly due to the presence of comorbidities, such as type II diabetes [16].

Due to the high heritability of the illness (80%), the incidence is higher among relatives.
Children whose one parent has the illness have a 17% risk of developing SZ, while the risk is
as high as 35% for both parents with the illness [14, 15]. In addition, large GWAS studies of SZ
have identified as many as 140 loci associated with the development of the disease, as well as
the discovery of rare variants, making the disease characterised by high complexity and high

heterogeneity [ 14].

In addition to genetics, the development of SZ is also favoured by environmental aspects,
including activation of the maternal immune system, hypoxia, nutritional deficiency and
various toxins. As a result of animal experiments, environmental factors have been shown to
cause epigenetic modifications permanently altering the genome of the organism, which is

identical to the neurodevelopmental hypothesis of SZ [14].

Disorders of dopamine, serotonin, glutamate and vy-aminobutyric acid (GABA)
neurotransmission play a significant role in the pathophysiology of the disease [13, 17]. These

cause symptoms characteristic of SZ, including cognitive deficits [13].

To date, four pathways of dopamine action have been described. Too high quantity of this
catecholamine in the mesolimbic pathway and hyperactivation of the D2 receptors cause
positive symptoms of the disease [17]. The mesolimbic pathway connects the ventral tegmental
area to the limbic areas. As another, we distinguish a mesocortical pathway that also starts from
the ventral region of the nutritive field, but its termination takes place in the prefrontal cortex.
In this case, symptoms are triggered by insufficient transmitter and reduced D1 receptor
activation in the prefrontal cortex, causing cognitive impairment and the onset of negative

symptoms of schizophrenia [13, 17]. In addition, it has been noted that the use of N-methyl-D-



aspartate (NMDA) receptor antagonists, such as phencyclidine, causes the onset of
schizophrenic symptoms. The researchers also noted post-mortem changes in glutamate levels
in the cerebral and subcortical cortex in areas of the brain responsible for reward processing.
Furthermore, the actions of glutamate and dopamine are linked, due to the fact that NMDA
receptor insufficiency leads to impaired connections between glutamatergic neurons from the
prefrontal cortex and dopaminergic neurons of the midbrain causing SZ symptoms by affecting

the mesolimbic and mesocortical pathways [13].

Antipsychotics used in the treatment of SZ that inhibit the D2 receptor allow positive symptoms
to be controlled, while they do not show the expected efficacy in controlling negative symptomes,

which unfortunately can make treatment difficult [13, 17].
Ketogenic diet

KD was first introduced by Dr Russell Wilder in 1921. He was the first to formulate the theory
of ketosis and discovered that a low-carbohydrate diet could be used as a treatment for

childhood epilepsy. It was he, who coined the term ‘ketogenic diet’ [18].

The basis of KD is to drastically reduce carbohydrate intake and replace it with fats, making it
mainly based on fats and proteins. This action causes the body to enter a state of ketosis - a
metabolic process in which the body burns fat to produce ketones instead of glucose, i.e.:
acetoacetic acid, B-hydroxybutyric acid, and acetone [5, 19]. The state of ketosis is defined

when blood levels of ketone bodies are maintained at 1.5 to 3 mmol/L [3].

Figure 1. Diagram showing the proportions of fats, proteins and carbohydrates in the ketogenic

diet. Reference: [20].
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The ketogenic diet consists of:

- Carbohydrates

- Fats

Proteins

KD has not only been used for weight loss, but has also been implicated in many diseases,
ranging from metabolic to neurodegenerative. The brain can function perfectly well using
ketone bodies as an energy source. In many cases, ketones become the main source of energy
when glucose is in short supply. Brain cells contain monocarboxylate transporters (MCTs) that

allow ketone bodies to be transported for energy, similar to other cells in the body [21].

The positive effects of KD have been used in the treatment of drug-resistant epilepsy in children,
as evidenced by the ‘Ketogenic diets for drug-resistant epilepsy’ study conducted by the
Cochrane Epilepsy Group. Children following a KD were up to three times more likely to be
completely seizure-free and up to six times more likely to have a reduction in seizure frequency
of 50% or more. In one study, more than half of the children following the classical KD became
seizure free, while only 15% of children achieved this effect with the less restrictive Atkins diet

[22].

The benefits of KD were highlighted in a meta-analysis published in 2021, which analysed 49
animal studies conducted between 1979 and 2020. The results showed strong neuroprotective
effects, including a reduction in neuronal death, damage and dysfunction in cases of acute

central nervous system injury [21].
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Additionally, the combination of KD with a caloric deficit enhances neuroprotective effects by
increasing levels of key neurotrophic factors such as brain-derived neurotrophic factor (BDNF),
glial cell lineage-derived neurotrophic factor (GDNF) and neurotrophin-3 (NT-3), as well as
chaperone proteins. This approach improves mitochondrial function, increasing energy

efficiency [21].

Furthermore, KD exhibits anti-inflammatory properties by inhibiting cyclooxygenase-2 (COX-
2) and inducible nitric oxide synthase (iNOS) activity and blocking the synthesis of pro-
inflammatory interleukins (IL-1p, IL-2, IL-4, IL-6) and tumour necrosis factor alpha (TNFa).
It also reduces levels of nuclear factor kappaB (NF«B), a key component of the inflammatory

response [21].

The KD has also been studied in terms of its effects on improving metabolic and psychiatric
health. Studies have shown that it can provide significant benefits in the treatment of
comorbidities, such as type 2 diabetes mellitus (T2DM), insulin resistance and obesity. In a
comparative study on T2DM, the KD led to significantly greater reductions in HbAlc levels,
ranging from -0.5% to -1.5%, compared to reference diets, which showed smaller changes
(from +0.2% to -0.5%) [23]. Additionally, a study by Jing T et al. showed that KD was superior

to other diets in terms of glycaemic control in patients with type 2 diabetes [24].

Recent studies also indicate that KD has therapeutic potential in the treatment of mental
illnesses, including SZ and BPD, which have their basis in metabolic disturbances, such as
oxidative stress, glucose hypometabolism in the brain and mitochondrial and neurotransmitter
dysfunctions. These changes have a significant impact on neuronal excitability and synaptic
connections. Furthermore, people with mental illness often have an increased risk of
comorbidities, such as type 2 diabetes, insulin resistance and obesity. Therefore, KD, by
providing an alternative energy source for the brain and body, has a beneficial effect on both,

supporting the treatment of comorbidities and mental illness [25].
Ketogenic diet and bipolar affective disorder

The KD acts on sodium channels, calcium channels, blocks AMPA receptors, increases GABA
levels and affects the receptors for this neurotransmitter. This action combines the individual
mechanisms of action of the antiepileptic drugs used in the treatment of BPD [3]. In addition,

it is able to influence GABA and glutamate levels via the brain-gut axis [26]. Moreover, [3-
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hydroxybutyrate formed in the process of ketogenesis, reduced glucose and insulin levels and
a reduced LDL to HDL ratio during the use of KD have a positive effect on the symptoms of

depressive episodes [5].

Chmiel L. in his case report presents a patient, who, thanks to the use of KD, achieved an
improvement in cognitive function and concentration, mood stabilisation, a reduction in the
duration of depressive episodes, an increase in energy and a cessation of the occurrence of
hypomania, which also made it possible to reduce the patient's medication dose. Interestingly,
the patient's condition had already improved when ketogenesis began, but when he was not yet
in ketosis. As the diet was adjusted and the patient progressed into ketosis, the results were
more and more promising, with noted resolution of anxiety, improvement in sleep quality and
even complete remission of the disease [3]. The results of a pilot study of KD therapy in people
with a diagnosis of SZ (five participants) and BPD (sixteen participants) confirm increasingly
better results, the longer the KD was used, as the proportion of participants classified as
recovering, according to Clinical Mood Monitoring (CMF) assessments, increased from 38%
at the start of the study to 81% at the end of the study. Of the sixteen participants with BPD,
six were already in recovery at the start of the study and seven had achieved this by the end of
the study. Only three participants with BPD did not achieve recovery according to CMF
assessments - of which one patient was non-compliant and two were half-compliant [25].
Similarly, other research findings indicate a reduction in the severity of depressive symptoms,
the occurrence of anxiety, impulsivity and psychosis in patients using KD, and it has allowed

an overall reduction in the number of drugs used, as well as their doses [2, 4, 5, 27, 28].

Other positive aspects of KD include weight loss and improvements in parameters, such as
glycated haemoglobin, lipidogram, glucose levels and tissue sensitivity to insulin, which may
be particularly important in patients with diabetes [5]. In the aforementioned study by Sethi S
et al. several metabolic changes were observed in these patients over a four-month period. Mean
body weight decreased by 10%, waist circumference by 11% and systolic blood pressure by
6.4%. In addition, body fat mass index showed a 17% decrease, while BMI - 10% [25].
Changes in metabolic biomarkers included a 27% reduction in visceral fat and a 20% decrease
in triglyceride levels. LDL levels increased by 21%, while HDL - only by 2.7%. HbAlc levels
fell by 3.6%. In contrast, in this study, there was no significant change in atherosclerotic

cardiovascular disease (ASCVD) risk score at 10 years in the entire cohort [25]. However, the
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study by Campbell IH et al. reported a decrease in systolic blood pressure of 7.4 mmHg on
average [28].

The mitochondrial impairment that occurs in BPD and the consequent inefficient production of
ATP leads to dysfunction of the sodium-potassium pump, for which ATP is essential for function.
ATP deficiency may contribute to manic and depressive episodes due to the malfunction of the
Na/K pump in neurons. KD supports mitochondrial function, ATP synthesis and thus has a role
in electrolyte changes within cells giving a neuroprotective effect seen in mood stabilisation.
Thus, the disease can be slowed down or even stopped. It has also been suggested that KD has

similar effects to mood-stabilising drugs, but without the side effects [25].

Changes in the patients' condition can be visualised numerically, using disease severity scales
such as CGI-S, MADRS, HAM-D. All of these scales showed statistically significant decreases
in values after the patient's use of KD: the CGI-S scale decreased from 4.8 to 2.0, the MADRS
decreased from 29.9 to 11.8 and the HAM-D decreased from 24.9 to 9.2, where in all scales a
higher value indicates a more severe case of disease [27]. The results of Nicole Laurent's case
study on the Depression Anxiety Stress Scales (DASS) are also promising, as there was a
significant reduction in all symptoms measured by this scale, i.e. stress, anxiety and depression

levels, after a 21-week dietary period [29].

BPD, like SZ, is associated with an increased risk of type II diabetes, obesity, cardiovascular
disease and premature death; therefore, the KD, by providing an alternative source of energy
for the brain and body, has a beneficial effect on both, supporting the treatment of comorbidities
[25, 28]. All this translates into better control of the aforementioned conditions and a
statistically significant increase in patients' life satisfaction (17% increase in the Manchester

Short Assessment of Quality of Life and Global Assessment of Functioning scales) [25].
Diet and Schizophrenia

The previously mentioned oxidative stress, inflammation and mitochondrial dysfunction are
involved in the pathogenesis of SZ [2, 30]. The resulting free radicals can lead to damage in the
cell membrane, which in turn impairs neurotransmission and the appearance of disease
symptoms [30]. The ketogenic diet has a positive regulating effect on the processes mentioned

above and, in addition, raises levels of GABA, which has an inhibitory effect in the CNS, has
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a modulating effect on GABA receptors and lowers levels of glutamate, which in turn is a major

excitatory neurotransmitter [2, 3].

Studies show that in patients with SZ/schizoaffective disorder, the use of KD has a positive
effect on the course of the illness. In these patients, a reduction in the severity of positive
symptoms was noted after the use of KD and also no relapse of symptoms was observed.
However, these symptoms recurred after coming down from a state of ketosis [5]. Mood
stabilisation was also observed and there were positive changes both in behaviour and

improvements in cognitive abilities [5, 25].

A case was described of a patient with SZ of 50 years' duration who, after taking KD, noticed
a cessation of hallucinations after just one week of starting the diet [25]. The longer the diet is
followed, the less severe the positive and negative symptoms become [31]. It is worth
mentioning that antipsychotics are designed to negate the occurrence of positive symptoms in
the patient, while they often have a small, insufficient effect on negative symptoms, which
significantly affects patients' comfort and daily functioning [25, 32]. KD, on the other hand, has
a positive effect on both the productive and negative symptoms of SZ. In addition to psychotic
symptoms, there were improvements in sleep quality, overall life satisfaction and a 34%
improvement in Clinical Global Impression [25]. The association of carbohydrates with SZ is
evidenced by clinical studies reporting that patients had a craving for carbohydrates shortly
before their exacerbation. Furthermore, it has been noted that populations that did not
intentionally consume low-carbohydrate diets had fewer cases of SZ (e.g. countries in the South
Pacific or after World War II, when wheat supplies were reduced). A link has also been made
between SZ and coeliac disease - when gluten consumption was discontinued, there was a

significant improvement in the symptoms of the psychiatric illness [32].

Returning to the previously mentioned scales, statistically significant decreases in the severity
of schizoaffective disorder could be observed, respectively: in HAM-D from 28.2 to 7.0,
MADRS 32.7 to 9.3, CGI-S from 5.4 to 2.6 and also a decrease in the PANSS value from 91.4
to 49.3 was noted [27]. The Sethi S et al. study also achieved a statistically significant 32%

reduction in disease symptoms measured on the Brief Psychiatric Rating Scale [25].

As in the case of BPD, patients with schizoaffective disease according to a retrospective

analysis of Danan et al. in more than half of cases after the use of KD, doses and/or number of
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drugs were reduced in more than 60% of the analyzed patients. This also happened in a 70-year-
old patient suffering from SZ after following the nutrition according to KD principles, her doses
of drugs were reduced and her daily functioning improved so much that she stopped needing a
caregiver [5]. In addition, thanks to the beneficial effect of this diet on glucose and fat
metabolism, it was possible to discontinue or reduce the use of drugs used in diabetes and
hypercholesterolemia [27]. It is worth remembering that people with SZ tend to have abnormal
glucose tolerance, reduced insulin sensitivity, type II diabetes, visceral fat deposition, increased
triglycerides and a decrease in HDL. In addition, the pharmacotherapy of this disease often
leads to weight gain, impaired glucose and fat metabolism. This diet not only positively affects
these aspects, but also allows you to reduce drugs. All this allows not only better control of the
symptoms of the disease and associated diseases, but also to a reduction in cardiovascular risk

and mortality associated with them [30].
Summary

The KD is an important tool to help not only maintain a healthy body weight or fight insulin
resistance and diabetes, but also to treat conditions such as BPD and SZ. Its use translates into
a statistically significant increase in the quality of life of patients, improvement of their
biochemical parameters and reduction in the incidence of relapses of these diseases. In addition,
KD is a neuroprotective factor preventing the progressive loss of cognitive functions as a result
of mental diseases and allows to reduce the doses of drugs used in their treatment, which
translates into a reduction in the number of side effects. Therefore, expanding research on the
KD and its use could be crucial in developing new recommendations for the treatment of BPD
and SZ with KD, which would significantly improve the quality of life of patients with these

conditions.
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