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Abstract: Schizophrenia is a complex mental disorder influenced by genetic and environmental
factors, including diet. Oxidative stress and inflammation play a crucial role in the pathophysiology
of schizophrenia. Nutritional deficiencies, such as lack of omega-3 fatty acids, vitamin D, and B
vitamins, during prenatal and postnatal periods can negatively impact neurodevelopment and
increase the risk of schizophrenia. Patients with schizophrenia show imbalances in antioxidant
enzymes such as: glutathione peroxidase (GPx), superoxide dismutase (SOD), catalase (CAT) and
reduced levels of antioxidants (vitamin E, vitamin C), leading to increased oxidative stress markers
such as malondialdehyde (MDA). Cytokine-mediated inflammation, microglial activation, and gut
dysbiosis are associated with schizophrenia onset and symptom severity. There is no clear and
universally accepted diet for the treatment of schizophrenia, which is considered the most popular.
However, various diets and nutritional methods are being researched and applied to alleviate the
symptoms of schizophrenia and improve the general health of patients, including the
mediterranean diet, ketogenic diet, gluten-free diet and DASH diet. A healthy diet rich in anti-
inflammatory and antioxidant nutrients can help manage schizophrenia by reducing oxidative
stress, preventing complications, and improving quality of life. Omega-3 fatty acids, vitamin D and
B vitamins are particularly important for brain development and function. In this review we will
focus on the influence of diet on schizophrenia. Additional research is needed to develop
personalized dietary recommendations for patients with schizophrenia.

Keywords: Schizophrenia; Diet; Nutrients; Obesity; Oxidative Stress; Inflammation; Antioxidants

1. Introduction

Common mental disorders such as schizophrenia, depression, and anxiety are major public
health concerns worldwide. These conditions currently represent the greatest challenge to disability
in developed countries, severely limiting the capacity for daily functioning. Poor nutrition, lack of
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physical exercise, and smoking have long been recognized as primary contributors to common non-
communicable diseases such as heart disease, type 2 diabetes, and cancer [1] .

Schizophrenia is a chronic, complex, and debilitating mental disorder that involves issues with
cognition, mood, reality perception, and interpersonal relationships [2]. The literature suggests that
schizophrenia can result from a combination of genetic and environmental factors, including stress,
diet, lack of physical activity, and medication [3]. Diagnosing schizophrenia requires specialized
professionals to identify a complex group of symptoms, which include cognitive impairments,
disorganization, and negative and positive symptoms. These signs are clearly defined in international
disease classifications such as the Diagnostic and Statistical Manual of Mental Disorders (DSM) and
the International Classification of Diseases (ICD) [4].

In the field of psychiatry, nutritional interventions have been much studied in recent times, with
an emphasis on nutrient supplementation and the adoption of specific dietary strategies to prevent
and treat mental disorders [5]. The field of 'nutritional psychiatry' has developed rapidly in recent
years, with several studies related to dietary or nutrient-based interventions being initiated, and more
preclinical and epidemiological data becoming available [6]. The last ten years have seen a steady
increase in research examining the links between nutrition and mental health. Various studies have
confirmed that nutrition is a factor preceding the onset of psychiatric symptoms, indicating a
direction of causality [7].

An increasing number of studies suggest that certain modifiable lifestyle behaviors are also risk
factors for common mental disorders. The quality of diet has become a primary focus in recent
research concerning lifestyle and mental health [1]. Previous studies have established a strong
connection between diet, cognitive functions, and mental health. For example, a systematic review
analyzing various dietary patterns and cognitive functions showed that increased carbohydrate
intake (such as sugars) is linked to a decline in overall cognitive performance, while saturated fats
were associated with reduced memory and learning. Conversely, protein intake has been observed
to positively impact executive function and memory [8].

Diet and mental health are connected through changes in molecular biomarkers as well as
alterations in brain structure and function. Nutrition studies indicate that the relationship between
eating habits and mental disorders (or cognitive ability) may be influenced by gut-brain
communication [8]. A growing body of evidence points to the significant impact of the gut
microbiome on the development and progression of obesity. Dysbiosis, characterized by reduced
diversity and changes in the composition of the gut microbiome, is associated with overweight and
obesity [3]. Another recent trend in nutritional psychiatry involves research examining the influence
of modulating the gut microbiota through dietary interventions and probiotic and prebiotic
supplements in treating various neuropsychiatric conditions [7].

The general public's diet falls significantly short of the standards recommended by the World
Health Organization for a healthy diet. Young people, who are at the highest risk for developing
schizophrenia, tend to have particularly poor diets, often consuming large quantities of fast food.
Research indicates that individuals with schizophrenia have even more inadequate diets compared
to the general population [9]. They exhibit an excessive preference for unhealthy foods, especially
fast food and foods high in fats and carbohydrates, which characterize their dietary habits [10].

2. Prenatal Nutritional Deficiency

Increasing evidence from the field of nutritional psychiatry shows that diet is crucial for
psychological well-being throughout life. Recently, nutrition has become essential in modifying brain
functions and its plasticity, as there is a connection between poor childhood nutrition and an
increased risk of developing psychiatric disorders later in life [11]. For example, folic acid deficiency
during prenatal and postnatal periods can negatively affect neurological development and increase
the likelihood of developing mental health issues [12]. Deficiency of several nutrients, such as folic
acid, essential fatty acids, retinoids, vitamin D, and iron, has been associated with an increased risk
of schizophrenia due to malnutrition during pregnancy [13].
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Famine as a natural phenomenon offers the opportunity to study the link between prenatal
malnutrition and adult health, including schizophrenia, in the long term [14]. One of the best
documented presentations with negative consequences for central nervous system growth is prenatal
malnutrition [13]. Most of the research on this topic focuses on the Dutch famine of 1944-1945 and
the Chinese famine of 1959-1961 [15]. Epidemiologic evidence suggests that exposure to poor diet in
early pregnancy almost doubles the risk of schizophrenia in offspring. For this reason, the diet of
pregnant women, especially in the early stages of pregnancy, has an impact on epigenetic changes in
the fetus [13].

Proper prenatal nutrition is crucial for optimal brain development. Research in epidemiology
increasingly shows that exposure to nutritional deprivation may increase the risk of schizophrenia
[16]. The latest update of the neurodevelopmental theory of schizophrenia has indicated that there
are several risk factors that may act together on a genetically predisposed individual at different
developmental stages, contributing to the clinical syndrome of schizophrenia. An important risk
factor is vitamin D deficiency, especially during pregnancy and childhood [17].

Vitamin D deficiency is extremely common in people suffering from schizophrenia and other
mental health problems. Epidemiologic research has shown that people born in late winter/early
spring, in high latitude areas and in urban settings are at increased risk of schizophrenia, indicating
that this risk may be influenced by vitamin D deficiency. This association is suggested by studies of
African and Caribbean migrant populations, among whom vitamin D levels tend to be low. Migrant
populations from Africa and the Caribbean have increased rates of psychosis [18]. Furthermore, the
offspring of individuals migrating from more equatorial regions to colder climates are also at
increased risk of schizophrenia, as are the offspring of city dwellers compared with those living in
rural regions [19]. Serum vitamin D levels were negatively related to the severity of symptoms of
psychosis. The lower the vitamin D concentrations, the higher the overall negative symptom scores
[20]. A minor way to obtain vitamin D is through diet, as some foods contain this vitamin such as
fatty fish. Vitamin D can also be consumed by taking supplements or eating fortified foods such as
some dairy products. From a global perspective, vitamin D deficiency is among the most common
micronutrient deficiencies [21].

Vitamin D is a fat-soluble vitamin and has diverse biological effects on the body [22]. Vitamin D
deficiency is linked to a wide variety of neuropsychiatric problems and neurodegenerative disorders
[23] The effects of vitamin D in the brain are diverse, including promoting antioxidant and
neurotrophic action, as well as regulating various neurotransmitter systems (including dopamine).
In animal studies, the offspring of vitamin D-deficient rodents show brain structural changes similar
to those seen in schizophrenia, such as thinning of the cortex, enlargement of lateral ventricles and
increased brain size due to increased proliferation and reduced shedding of neurons [24]. In psychotic
disorders, vitamin D has been positively associated with peripheral gray matter volume, possibly
indicating a neuroprotective effect [25].

Similar to other major neuropsychiatric illnesses, schizophrenia usually begins in the late teens
or early 20s, with a slightly delayed onset in women [26]. Disruption of normal brain growth during
prenatal or early postnatal periods can lead to brain dysfunction, suggesting that an affected central
nervous system may play a crucial role in the development of this condition. Indeed, individuals with
schizophrenia, compared to healthy individuals, show a significant reduction in total brain volumes
and density of gray and white matter, while showing significant increases in the volumes of the
lateral and third ventricles [27,28].

Schizophrenia is viewed as a brain dysfunction because the control of all functions and behaviors
is executed by the human brain. The brain contains the highest amount of lipids of all the body’s
organs [27]. Lipids and lipid intermediates are indispensable elements in the organization and
functioning of the brain. In fact, brain tissue contains the second-highest percentage of fat after
adipose tissue, and fat makes up half of the brain's dry weight [29]. Over 60% of the lipids present in
the membrane are phospholipids. Brain phospholipids include two categories of polyunsaturated
fatty acids: omega-3 and omega-6. Docosahexaenoic acid (DHA) is crucial for the normal
development of the nervous system and is particularly important in maintaining biological functions
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(receptor binding, neurotransmission, signal transduction, and cognitive abilities, including learning
and memory) [27].

Humans cannot naturally produce omega-3 and omega-6 polyunsaturated fatty acids and must
obtain these essential substances from their diet. This essential nature could support the substantial
epidemiological evidence showing an inverse relationship between omega-3 fatty acid intake and the
prevalence of psychiatric disorders [30]. Fatty fish is a food rich in essential fatty acids and vitamin
D, both of which may be implicated in the development of schizophrenia. It is suggested that a low
maternal intake of fish and seafood during pregnancy may increase the risk of low IQ and suboptimal
neurological development in the child, thereby linking to a higher risk of mental disorders in
adulthood, such as schizophrenia [31]. Nutrition has a crucial impact on brain development, mental
health and mental disorders. The importance of omega-3 polyunsaturated fatty acids in the
maintenance of physical health is well known, as they are involved in a variety of physiological
functions related to neurogenesis, neurotransmission and neuroinflammation, and play essential
roles in brain development, activity and aging [32].

Lack of long-chain omega-3 polyunsaturated omega-3 polyunsaturated fatty acids impairs
neuronal development and may contribute to various mental health problems [33]. In schizophrenia,
changes in the structure of phospholipids in cell membranes may influence various aspects of
pathophysiology, such as neurotransmission, immune activation and antioxidant protection. Studies
have shown a deficiency of omega-3 polyunsaturated fatty acids in patients with schizophrenia
compared to healthy individuals, thus supporting this hypothesis. The addition of omega-3
polyunsaturated fatty acids could be useful in preventing the onset of psychosis, especially among
those at increased risk [34].

Various experimental studies have clearly shown the influence of omega-3 fatty acids on brain
structures and activities. For proper differentiation and function, dissociated brain cell cultures
require omega-3 and omega-6 fatty acids [35]. Simultaneously, a lack of alpha-linolenic acid in the
diet affects brain development, disrupting the structure and chemical composition of neuron
membranes (including oligodendrocytes and astrocytes), myelin, and nerve endings [36]. This is
accompanied by the appearance of neurosensory and behavioral disorders. There is a known
relationship between the amount of alpha-linolenic acid in the maternal diet during gestation and
lactation and the accumulation of these compounds in the fetus's or newborn’s brain until an optimal
level is reached [37].

Currently, many patients with schizophrenia continue to experience residual symptoms and
cognitive difficulties despite optimal pharmacological treatment. Although there is a continual search
to enhance the effectiveness of antipsychotic agents, no strategy has proven to be markedly superior.
Omega-3 fatty acids are considered important for their potential to increase favorable side effects and
their ability to repair metabolic issues of phospholipids in synaptic membranes, which can lead to
dysfunction of dopaminergic and serotonergic neurotransmitter receptors. Omega-3 fatty acids can
mitigate the negative consequences of medications through their anti-inflammatory actions and pose
a low risk of causing damage. Supplementation and diet are two ways to increase omega-3 intake.
Equally crucial are dietary changes to reduce the amount of omega-6 consumed. For example,
industrially derived seed oils, such as safflower, sunflower, and vegetable oils, contain large amounts
of omega-6 fatty acids [38].

Pregnancy is characterized by rapid growth of maternal and fetal tissues, which involves an
increased demand for energy and nutrients [39]. Lack of essential nutrients during critical growth
phases can cause long-term brain dysfunction [40]. The food consumed by the mother during
pregnancy, as part of the period known as the "first 1000 days," is considered extremely important
for the optimal development of offspring, reducing the risk of diseases throughout life, and overall
long-term health [39].

Some time ago, it was noted that schizophrenia may be associated with vitamin B deficiency
[41]. B vitamins are crucial in cellular metabolism functions, including homocysteine regulation,
transmission processes, and oxidation-reduction reactions. Experts have emphasized that certain B
vitamins, such as vitamin B6, vitamin B12, folic acid, and choline, may be linked to the onset and
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progression of schizophrenia [42,43]. Studies have determined that severe folic acid deficiency
increases the likelihood of neurodevelopmental disorders, psychiatric disorders, and dementia, while
changes in vitamin B12 levels can lead to neuropsychiatric problems, mental disorders, reduced
cognitive abilities, mood disorders, aggressive behavior, fatigue, and paranoid psychosis [44].

Neurotropic B vitamins, such as B1, B2, B3, B6, B9, and B12, are important for the health of the
central nervous system, playing essential roles as coenzymes, among other functions. Mammals
cannot produce B vitamins, so they must obtain them from their food in sufficient quantities. Most B
vitamins come from plant or animal sources, such as meat, eggs, and dairy. Only vitamin B12 comes
from an animal source. A lack of B vitamins has been linked to various neurodevelopmental issues,
with one of the most significant being schizophrenia (29). Many studies have found that the main
etiological factor for schizophrenia is a deficiency in vitamin B12 and elevated homocysteinemia. Not
only can a deficiency in vitamin B12 cause schizophrenia, but vitamins B6 and B9 can also contribute
to the condition, and symptoms can be reduced by supplementing these vitamins alongside
antipsychotics [45].

Epidemiologic, biochemical and genetic association studies have demonstrated that folate
deficiency is a risk factor for schizophrenia [46]. Essential for the synthesis of DNA and
neurotransmitters, it plays an important role in regulating gene expression. An adequate amount of
folate during pregnancy can reduce the risk of congenital anomalies, such as neural tube defects.
Research has shown that a lack of folate during pregnancy can significantly increase the likelihood
of schizophrenia in offspring. Previous studies have linked low blood levels of folic acid to more
severe symptoms among patients with schizophrenia [47].

There are natural amounts of folate in various foods such as green leafy vegetables, fruits, nuts,
beans, seafood, eggs, dairy products, meat, poultry and cereals. Spinach, liver, asparagus and
Brussels sprouts are among the foods rich in folic acid [48] which is essential for the proper
functioning of neurons. It is confirmed to be crucial for people with schizophrenia in managing
energy levels. A lack of folic acid, either alone or in conjunction with monoamine precursors such as
vitamins B6 and B12, can increase the risk of schizophrenia or exacerbate existing mood disorders
[45]. As a complex, B vitamins are essential for various brain functions. Further studies conducted to
investigate the precise mechanisms of B vitamins in brain functions will provide the possibility of
using B vitamins to improve mental health and prevent psychological disorders [49].

3. Obesity in schizophrenia: the role of diet and antidepressants

Numerous factors contribute to weight gain in patients suffering from schizophrenia or
psychosis. The main contributing factors are considered to be a sedentary lifestyle, unhealthy eating
habits, genetic susceptibility, and antipsychotic treatment. Weight gain caused by antipsychotics is a
significant issue in the care of patients with psychosis [50]. In addition to causing weight gain,
antipsychotics are also known for their effect on glucose metabolism, increasing cholesterol and
triglyceride levels, and inducing high blood pressure, leading to metabolic syndrome [51]. The
prevalence of metabolic syndrome is high among individuals with schizophrenia. The frequent
occurrence of both metabolic syndrome and obesity in this population leads to a reduced life
expectancy and an increased mortality rate [50]. Changes in body structure are observed early in
individuals experiencing their first episode of psychosis, with a greater predisposition to being
overweight and obese. Weight gain occurs rapidly after starting antipsychotic treatment and
continues, albeit at a slower rate, over the following years [52].

People with severe mental disorders are at increased risk of obesity, cardiometabolic risk factors,
and associated morbidity and mortality compared to the general population [53,54]. Several
commonly prescribed medications can cause weight gain and, in the case of prolonged treatment,
can lead to clinically significant obesity [55]. These negative consequences of medication are key
factors leading to decreased quality of life and premature death due to cardiovascular disorders in
patients with severe mental disorders compared to the rest of the population [56]. Explanations given
for drug-induced weight gain include increased appetite, changes in food preferences towards
carbohydrates, and alterations in nutrient metabolism. Other significant factors can explain
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medication-induced weight gain, such as impaired metabolism due to decreased thyroid function,
fluid retention, and the anabolic effect of steroids [55].

Antipsychotic drugs are considered a vital therapeutic choice for many patients with
schizophrenia and other psychotic disorders. To offer maximum benefits, the medication must have
acceptable side effects and be taken according to medical guidelines [55]. A common negative
consequence of many antipsychotics is weight gain. The way weight increases seems to differ
depending on the medication, which may be caused by variations in the action of the medications on
different neurotransmitter systems such as serotonin, dopamine, choline, histamine, and others [57].

Secondly, antipsychotics are prescribed as the main treatment for alleviating symptoms,
preventing the relapse of schizophrenia, and regulating dopamine levels to normal [20]. Despite these
aspects, the administration of antipsychotic medications can frequently have side effects such as
increased appetite and body weight by disrupting ghrelin and leptin, thus altering food intake and
causing weight gain in patients with schizophrenia [58].

The addition of atypical antipsychotics to the field of psychopharmacology has represented a
significant advance in the therapy of schizophrenia, providing an effective way to treat the positive
and negative symptoms of psychosis. Before their widespread use, there was concern about
treatment-related weight gain and the apparent increased risk of diabetes [59]. Among people with
schizophrenia, the prevalence of obesity is double that of the general population, affecting more than
half of this patient category. In addition to the negative psychosocial impact (distorted self-image and
societal stigma) and non-compliance with medication treatment, people with schizophrenia appear
to be extremely sensitive to the harmful medical consequences of obesity, such as "metabolic
syndrome," which includes a set of cardiovascular risk factors such as abdominal adiposity, insulin
resistance, impaired glucose tolerance, dyslipidemia, and high blood pressure [10].

Antipsychotics can lead to increased appetite (Figure 1). People suffering from schizophrenia
make inadequate food choices, which means that any increase in appetite is likely to lead to increased
consumption of snacks and convenient foods that are high in fat and sugar [60]. Patients diagnosed
with schizophrenia have an increased appetite at meals, eat more quickly, and have more meals per
day compared to the general population. This irregular food consumption eventually leads to excess
energy intake, which contributes to the onset of obesity. Skipping breakfast and irregular eating can
lead to compulsive eating, which can contribute to obesity [61]. People diagnosed with schizophrenia
adopt inadequate eating habits, characterized by increased consumption of saturated fats, sugar, and
alcohol, as well as reduced intake of fish, vegetables, and fruits, which could affect cognitive function
[20].

Antipsychotic
medication

¥ metabolic rate

? appetite—
consumption of
foods high in
alories and fa
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Figure 1. The impact of different types of diets on obesity caused by antipsychotic drugs. 1,
increase/improve; |, decrease; =, leads to.
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Increased food intake associated with obesity has been observed in the early stages of therapy
with chlorpromazine and depot antipsychotic medications (a special formulation of the drug, which
is administered by injection and is slowly released into the body over several weeks) [60], and the
problem of weight gain and diabetes has been highlighted in connection with atypical antipsychotic
treatment [9].

The way antipsychotic medications influence food intake is probably related to their impact on
dopamine and serotonin receptors [9]. After treatment with conventional and atypical antipsychotic
agents, high levels of circulating leptin have been observed. Leptin, a hormone produced by fat cells,
influences the hypothalamus to suppress hunger. The body of obese individuals is often resistant to
this characteristic of leptin [62,63].

Differences in weight gain tendency vary between medications, with the greatest effects
observed with olanzapine and clozapine [52]. The increased risk of weight gain with these
medications is due to their action on serotonin, dopamine, histamine, and muscarinic receptors [50].
Although many studies have focused on new-generation antipsychotics, weight gain can also occur
with older antipsychotics, with chlorpromazine being linked to the most significant weight gain.
Antipsychotics influence energy levels and change the composition of the gut microbiome, which
could lead to weight gain. Appetite control is complex and involves multiple neuropeptides, some of
which are influenced by antipsychotic medications [52].

Early dietary interventions in schizophrenia included suggestions about the possible
effectiveness of gluten-free diets in reducing symptoms or disease severity [64]. The Mediterranean
diet, inspired by the eating habits of Mediterranean countries and the Middle East, emphasizes fresh
vegetables, grains, olive oil and herbs; limiting meat consumption, known to reduce blood cholesterol
[65]. In addition, it has been noticed that it has positive effects on diabetes, cardiovascular diseases,
arthritis and cancer [66,67]. Ketogenic diets are high-fat, low-carbohydrate diets [68]. This provides
an alternative source of energy for the brain, replacing glucose, and normalizes schizophrenia-like
behaviors [69]. In addition, it has been observed to have a very good therapeutic role in patients with
intractable seizures [68]. Dietary Approaches to Stop Hypertension (DASH) is a low-sodium, low-fat
diet designed to treat high blood pressure [70,71]. As with ketogenic diets, DASH diets have been
shown to be effective for weight loss [72]. The DASH diet and the Mediterranean diet are lifestyle
changes that have positive effects on the prevention, risk reduction, and management of chronic
disease. Various studies have shown that strict adherence to these dietary choices can have beneficial
effects in schizophrenia [2].

People suffering from schizophrenia need to be carefully initially evaluated and constantly
monitored for physical health parameters. Plans to treat and prevent should incorporate promoting
a healthy lifestyle, proper nutrition, and adequate levels of physical activity [73]. In this context, it is
essential to understand how various types of diets can influence antipsychotic-induced obesity (Table
1), a common problem in the treatment of schizophrenia.

Table 1. Effects of different types of diets on antipsychotic-induced obesity in patients with

schizophrenia.
. L Effects on Mechanism  Referenc
The type of diet Description ] ]
obesity of action es
Weight loss,
reductions
High in fat, in visceral Mood
L moderate in adipose stabilization
Ketogenic Diet . . . . [74]
protein, low in  tissue, and cognitive
carbohydrates  glycosylate  function
d

hemoglobin
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[75,76]

[77,78]

[79]
[80,81]

[82,83]

[64]

Excess weight, which represents a major risk for metabolic syndrome, cardiovascular diseases,
and premature mortality, is a common physical health problem among patients with schizophrenia

spectrum disorder [84]. Since eating habits influence the quantify and type of food consumed, they

can prevent or control obesity, making them modifiable factor It has been observed that a regular or

healthy eating pattern impacts overall and abdominal obesity in patients with schizophrenia, and
these effects differ by gender [61].
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4. Impact of diet on oxidative stress and inflammation in schizophrenia

Free radicals are naturally formed under normal physiological conditions and have a significant
impact on various biological processes [85]. However, when these molecules are produced in greater
quantities than necessary, they can trigger spontaneous chain reactions that may lead to
consequences such as abnormal neuronal development and impaired neuronal function. Free radicals
are considered unstable due to the presence of one or more unpaired electrons, which makes them
extremely reactive [61,86].

Oxidative stress occurs when there is a disturbance in free radicals, as well as reactive oxygen
and nitrogen species, derived from both normal metabolic processes, including neurotransmitters
associated with schizophrenia, such as dopamine and glutamate, and various environmental
exposures. The lack of effectiveness of the antioxidant system in protecting against free radical
production can damage cell membranes, causing dysfunctions that could influence
neurotransmission and, ultimately, symptoms associated with schizophrenia [87]. Radicals can
interact with polyunsaturated fatty acids, and the cell membranes of tissues exposed to high oxygen
levels, such as the brain, are at risk of oxidizing their unsaturated fatty acid content in their
phospholipids [86]. The human body's defense system includes antioxidant enzymes such as
superoxide dismutase, glutathione peroxidase, and catalase. These enzymes stop the initiation of
chain reactions of reactive species. Substances like glutathione, vitamin E, and vitamin C are non-
enzymatic antioxidant components that bind to reactive species and stop the extension of chain
reactions [88]. To better understand the impact of diet on oxidative stress and inflammation in
schizophrenia, it is useful to analyze specific parameters that measure the levels of antioxidant
enzymes and non-enzymatic antioxidant components.

A study found that patients on antipsychotic treatment showed lower scores on the Brief
Psychiatric Rating Scale (BPRS) and Positive and Negative Syndrome Scale (PANSS) after taking
vitamin C, vitamin E, and omega-3 fatty acids [89]. However, it is unclear if the effects are solely due
to the vitamin supplementation because they were given in combination. In a study conducted by
Bentsen et al. [90], patients with schizophrenia taking antipsychotic medication were given vitamin
C (364 mg/day) and vitamin E (1000 mg/day) in a randomized placebo-controlled trial. Results
showed that the vitamin supplementation hindered recovery from acute psychosis in patients with
low levels of red blood cell polyunsaturated fatty acids (PUFAs) compared to those who received a
placebo. The writers suggest that at a certain level, vitamin E may function as a pro-oxidant in the
absence of sufficient antioxidant activity, leading to increased oxidative stress; it might also block the
positive effects of y- and d tocopherols. They propose that vitamin C could offset some negative
impacts of vitamin E [91].

Superoxide dismutase, catalase, and glutathione peroxidase make up the enzymatic antioxidant
defense system in the human body, stopping the start of reactive species chain reactions [92]. The
inability of antioxidants to protect against free radicals can damage cell membranes, causing
dysfunctions that could influence neurotransmission and ultimately symptoms in schizophrenia [87].
The non-enzymatic antioxidant components are compounds such as glutathione (GSH), vitamin E
and vitamin C, which react with reactive species and thus prevent chain reactions from spreading
[92].

Among patients with schizophrenia, research has shown varying results regarding SOD levels,
but the majority of evidence indicates an increase in activity as a compensatory response to increased
oxidative stress, although low or unchanged levels are also observed in other studies, highlighting
the complexity and variability of oxidative balance in schizophrenia. As with SOD, research on CAT
levels in patients with schizophrenia has had varied results, reflecting the complexity of oxidative
stress and antioxidant defense mechanisms in this disorder. Catalase levels vary with oxidative stress,
nutritional status, genetic and epigenetic factors, chronic inflammation, and drug effects.

Studies suggest that MDA levels are usually frequently elevated in patients with schizophrenia,
rather than reduced. Elevated MDA levels indicate an increase in oxidative stress in these patients,
which is a significant factor in the pathophysiology of the disorder.
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Low levels of GPx in patients with schizophrenia are due to several factors, such as chronic
oxidative stress, nutritional deficiencies (especially selenium), and the chronic inflammation
associated with this condition. All of these can lead to reduced activity or reduced levels of GPx,
which is essential for defending against free radicals and maintaining the health of the nervous
system. Several studies have consistently observed lower glutathione levels in patients with
schizophrenia. These low levels may be caused by a number of factors, such as increased oxidative
stress, deficient synthesis, nutrient deficiency, mitochondrial dysfunction, chronic inflammation,
environment and lifestyle, and the effects of medications.

Deficiencies of vitamins E and C in patients with schizophrenia may be caused mainly by
increased oxidative stress, poor diet, lifestyle factors (such as smoking), metabolic changes and
potential effects of medications (Table 2). All these factors together contribute to a decreased
efficiency of these essential antioxidants, increasing oxidative stress and possibly affecting the
pathophysiology of schizophrenia. Treating the lack of nutrition through diet, lifestyle changes and
possibly the addition of supplements could help these individuals.

Table 2. Biochemical changes of some parameters related to oxidative stress in patients with

schizophrenia.
Parameter Evaluated The level found relative to the normal  References
category parameter range
Antioxidant GPx Normal level [93]
enzyme Low level [94-101]
SOD Low level [93,95,101,1
02]
Increased level [103-110]
CAT Increased level [93,105,106,
111]
Low level [97,102]
GSH Low level [112]
[113-116]
Biomarkers MDA Increased level [93,95,97,10
5,108,110,11
7-122]
Antioxidants Vitamin E Low level [108,121,123
]
Vitamin C Low level [117,121,124
,125]

CAT, catalase; GPx, glutathione peroxidase; GSH, glutathione; MDA, malondialdehyde; SOD =

superoxide dismutase.

It is important to monitor these parameters to evaluate the effectiveness of dietary interventions
in reducing oxidative stress and inflammation in patients with schizophrenia.

It has been proven that high levels of reactive oxygen species and dysfunction of the antioxidant
system can cause significant damage to neuronal structure. Cognitive decline and abnormal
behaviors have been associated with oxidative state deterioration. Thus, schizophrenia symptoms
may arise due to the degradation of neuronal lipid membranes in certain areas or connections, caused
by the excessive presence of reactive oxygen species [100]. The way diet, nutrients, and/or nutritional
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deficiencies can cause schizophrenia or exacerbate its symptoms is still a subject of research.
However, various hypotheses have been proposed. These consist of factors such as inadequate diet,
harmful eating habits, and/or nutritional deficiencies associated with the occurrence of
hyperhomocysteinemia, oxidative-antioxidative imbalance, impaired immune system, and
variations in levels of pro-inflammatory markers. The neuroprogressive hypothesis has highlighted
the importance of oxidative stress and inflammation in schizophrenia, suggesting that these changes
may represent possible mechanisms in the progression of the disease [2]. To better understand these
complex relationships, the Figure 2 below illustrates how nutritional deficiencies can influence the
levels of reactive oxygen species and exacerbate schizophrenia symptoms. The effects of nutritional
deficiencies on oxidative stress are highlighted, emphasizing the possible mechanisms by which these
deficiencies contribute to disease progression.

Research has demonstrated that the disruption of the oxidative stress system can cause obesity
by altering diet and promoting fat accumulation in the body [126].

{ ROS production

| in the body’s ability to neutralize ROS, 1

their

Schizophrenia symptoms

« Aggravation of information
processing, problems related
to short and long-term
memory, the process of
forming and storing
information, the ability to
concentrate and pay attention.

i 1 inf ion, which is « | the activity of antioxidant
with 1 ROS production enzymes (GPx and CAT).
> affect the integrity of the cell membrane, T «1 the level of MDA.

ROS production
[ 1ROS production and oxidative stress, 1
deterioration of neuronal health and 1 of

schizophrenia symptoms.
Modification of the characteristic
parameters of OS
Nutritional deficiency \ /

Figure 2. Impact of nutritional deficits on ROS production and exacerbation of schizophrenia

symptoms. 1, increase; |, decrease; CAT, Catalase; Gpx, Glutathione peroxidase; MDA,
Malondialdehyde; OS, oxidative stress; ROS, reactive oxygen species.

Pro-inflammatory cytokines, microglial cells, astrocytes, and immune cells such as monocytes,
macrophages, and T or B lymphocytes are involved in controlling inflammation in the central
nervous system. A balanced inflammatory process is crucial for tissue health, but excessive
inflammatory reactions can cause additional cellular damage. Uncontrolled inflammation can arise
from infectious agents (such as bacteria or viruses), a reaction to neuronal injury from trauma, genetic
defects, or environmental toxins [127]. In the central nervous system, inflammation can have
neuroprotective or neurotoxic effects depending on the interactions between genetic variations,
environmental factors, and inflammatory responses. The latest study on inflammation and
schizophrenia indicates that inflammation can increase the risk of schizophrenia and exacerbate its
symptoms [20].

Inflammation is considered a risk factor for schizophrenia because it contributes to the
pathophysiology and exacerbation of these conditions. Various factors, including diet, can control
the level of inflammation [20]. High-calorie foods, saturated fats, and simple carbohydrates can
stimulate peripheral inflammatory markers, while foods rich in fiber and vegetables reduce
inflammation [5]. Research has examined the role of polyunsaturated fats in psychosis. Two
polyunsaturated fats are highlighted in the literature: essential fatty acids omega-3 and omega-6.
Omega-6 fatty acids are pro-inflammatory, while omega-3 fatty acids are anti-inflammatory [128].
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Accumulated information from previous research shows that inflammation has been identified
as a factor in the development of schizophrenia [129]. In addition to the two important players in
neuroinflammation, pro-inflammatory cytokines and microglial activation, a diet that causes
inflammation exacerbates neuroinflammation by promoting the pathophysiological changes of
schizophrenia and the severity of symptoms. Considering the impact that dietary regimes have on
inflammatory markers, we emphasize the importance of nutrients such as omega-3 polyunsaturated
fatty acids, vitamin D, and vitamin B in the treatment of schizophrenia symptoms [20].

A gut-brain connection should be examined for the link between dietary inflammation and
schizophrenia. Changes in the composition of the microbiota and microbial metabolites influence gut
health and immune system reactions. Gut imbalance has been noted in patients with schizophrenia,
and the increased presence of certain types of bacteria, Succinivibrio and Corynebacterium, has been
significantly correlated with the severity of schizophrenia symptoms [130]. Gut imbalance can
influence susceptibility to infections and inflammation, leading to the acceleration of schizophrenia
onset and symptom intensification. It is believed that dietary substances considered in schizophrenia
exert their effects at least partially through the gut-brain axis [20].

The advice to consume anti-inflammatory nutrients or foods as part of a balanced diet has long-
term benefits in reducing the side effects of medications. As a result, substances with anti-
inflammatory properties are beneficial in reducing the severity of disease symptoms and decreasing
risk factors that may trigger schizophrenia [20]. Vegetables, especially those untouched by chemicals
or technological processes, contain high levels of antioxidant compounds that can counteract the
harmful effects of redox processes in our bodies [131].

5. Conclusions

Schizophrenia is influenced by both genetic and environmental factors, including diet.
Nutritional deficiencies, such as lack of omega-3 fatty acids, vitamin D, and B vitamins, during the
prenatal and postnatal periods can negatively impact neurodevelopment and increase the risk of
schizophrenia. Schizophrenia patients show antioxidant enzyme imbalances and reduced levels of
antioxidants, leading to increased markers of oxidative stress. Cytokine-mediated inflammation,
microglial activation, and gut dysbiosis are associated with schizophrenia onset and symptom
severity. Currently, there is no universally accepted diet for the treatment of schizophrenia. However,
different diets and nutritional methods, such as the Mediterranean diet, the ketogenic diet, the gluten-
free diet, and the DASH diet, are being researched and applied to alleviate symptoms and improve
overall health. A healthy diet rich in anti-inflammatory and antioxidant nutrients can help manage
schizophrenia by reducing oxidative stress and improving quality of life. Omega-3 fatty acids are
crucial for brain development and function. Omega-3 fatty acid deficiency is associated with an
increased risk of schizophrenia. In addition, vitamin D deficiency is common in people with
schizophrenia and is related to the severity of symptoms. Adequate levels of vitamin D are important
for brain development and function. Also, B vitamins, especially folic acid, vitamin B6 and vitamin
B12, play an essential role in cellular metabolism and neurotransmission. Deficiencies of these
vitamins are linked to an increased risk of schizophrenia.

As the relationship between diet, nutrition and schizophrenia continues to evolve, it is likely
that tailored dietary interventions will become an increasingly important part of comprehensive
treatment plans for people with schizophrenia. Future research should focus on identifying the
specific dietary patterns, nutrient combinations, and gut microbiome profiles that are most effective
in reducing symptoms and improving outcomes for people with schizophrenia.
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