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Background/Objectives: Schizophrenia is a complex mental disorder influenced by genetic and environmental factors, including dietary habits. Oxidative stress and inflammation play a crucial role in the pathophysiology of schizophrenia. Emerging research suggests that diet may affect schizophrenia through different biological mechanisms beyond oxidative stress and inflammation. In particular, epigenetic changes may alter the expression of genes related to neurodevelopment and neurotransmitter systems, while neuroplasticity plays a crucial role in brain adaptation and resilience to psychiatric disorders.

Methods: The literature search included the main available databases (Science Direct, PubMed and Google Scholar), considering the English language, and our screening was performed based on several words such as “schizophrenia”, “diet”, “nutrients”, “obesity”, “oxidative stress”, “inflammation”, “antioxidants” and “prenatal nutritional deficiency”. The review focused specifically on studies examining the relevance of diet in schizophrenia, as well as prenatal nutritional deficiency, obesity, oxidative stress, and inflammation associated with this disorder.

Results: Following a review of the literature, it was found that nutritional deficiencies, including lack of omega-3 fatty acids, vitamins D, and B, during the prenatal and postnatal periods can have a negative impact on neurodevelopment and increase the risk of schizophrenia. Patients with schizophrenia have imbalances in antioxidant enzymes, such as glutathione peroxidase (GPx), superoxide dismutase (SOD), catalase (CAT), and reduced levels of antioxidants (vitamin E, vitamin C). These biochemical changes lead to an increase in markers of oxidative stress, including malondialdehyde (MDA). In addition, cytokine-mediated inflammation, microglial activation, and intestinal dysbiosis are associated with the onset of schizophrenia and the severity of schizophrenia symptoms. Currently, there is no universally accepted dietary regimen for control. However, various diets and nutritional methods are being researched and applied to alleviate the symptoms of schizophrenia and improve the overall health of patients, including the Mediterranean diet, the ketogenic diet, the gluten-free diet, and the DASH (Dietary Approaches to Stop Hypertension) diet.

Conclusion: A healthy diet, rich in anti-inflammatory nutrients and antioxidants, may 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 aim to analyze the literature on the influence of diet on schizophrenia, focusing on the role of prenatal nutritional deficiencies, obesity, oxidative stress, and inflammation.
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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 physical exercise, and smoking have long been recognized as primary contributors to common non-communicable diseases such as heart disease, type 2 diabetes mellitus, and cancer (1). Psychiatric patients are at higher risk of premature mortality from cardiovascular disease. Psychiatric conditions are characterized by an increased risk of metabolic syndrome (MetS), grouping several cardiovascular risk factors, including obesity, dyslipidemia, hyperglycemia, and hypertension. They are at risk for several psychiatric conditions, including anxiety, major depressive disorder, attention deficit hyperactivity disorder, and schizophrenia (2).

Schizophrenia is a chronic, complex, and debilitating mental disorder that involves issues with cognition, mood, memory, reality perception, and interpersonal relationships (3, 4). The literature suggests that schizophrenia can result from a combination of genetic and environmental factors, including stress, diet, lack of physical activity, and medication (5). Diagnosing schizophrenia requires specialized professionals to identify a complex group of symptoms, which include cognitive impairments, disorganization, and negative and positive symptoms. These signs and symptoms 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) (6).

Schizophrenia is a serious mental disorder that affects approximately 1% of the global population (7). According to the World Health Organization (WHO), schizophrenia affects approximately 24 billion people, a percentage of 0.32% worldwide. Although not as common as other mental disorders, it affects 0.45% of adults (WHO). The estimated age-standardized prevalence of schizophrenia is 0.28% (95% UI: 0.24–0.31) (8). In 2019, 23.6 million people were living with schizophrenia worldwide, an increase of 65.85% since 1990 (9). The prevalence of schizophrenia varies by region and country, with East Asia and South Asia having the highest number of cases, with approximately 7.2 million and 4.0 million cases, respectively, in 2016 (Figure 1) (8). While China has the highest age-standardized prevalence with 0.42% (95% UI: 0.38–0.48), the Netherlands has a higher prevalence than other Western European countries, at 0.36% (95% UI: 0.32–0.40) (8). On the other hand, some of the lowest prevalence rates are found in sub-Saharan Africa and North Africa/Middle East (8). People with schizophrenia have a significantly reduced life expectancy compared to the general population, so studies have shown that people with schizophrenia die 10–25 years earlier than the general population (10).
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FIGURE 1
 Prevalence of schizophrenia in different regions in 2019.


Although defined by the presence of psychotic symptoms, schizophrenia remains both etiologically and therapeutically challenging, being more common in males than females (11). People with schizophrenia have a 2 to 5 times higher risk of developing type 2 diabetes compared to the general population (12). Imbalances in neurotransmission have been the basis of many theories regarding the pathophysiology of schizophrenia. These theories focus on chemical imbalances in the brain, either through excess or deficiency of neurotransmitters such as dopamine, serotonin, and glutamate. Other theories suggest the involvement of substances such as glycine, aspartate and gamma-aminobutyric acid (GABA) in the neurochemical imbalance specific to schizophrenia (13).

Due to the complexity of the causes of schizophrenia, current antipsychotic treatments focus mainly on symptom relief (14). Clozapine is considered the most effective antipsychotic for treating schizophrenia, with a success rate of approximately 30% in controlling episodes in patients resistant to other treatments, compared to only 4% for the combination of chlorpromazine and benztropine. Clozapine has also been associated with increased serum sodium concentrations in patients with polydipsia and hyponatremia (13).

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 (15). 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 (16). The last 10 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 (17). In addition to drug treatments, the importance of nutrition in mental health is increasingly recognized. Nutritional deficiencies or excesses have been identified as significant factors in influencing mental health. Recently, nutritional interventions have been explored not only for high-prevalence mental disorders such as depression and anxiety but also for rarer disorders such as schizophrenia (3).

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 (18). Recent studies state that dietary intake during pregnancy influences maternal health, and poor dietary habits during pregnancy produce various complications (19, 20). Fetal brain development can be particularly vulnerable to factors such as maternal nutrition, infection and stress during pregnancy. Both overnutrition and undernutrition can have consequences on fetal neurodevelopment (21). Inadequate nutrition in the first trimester of pregnancy affects the fetus with negative consequences for it (19). Among the negative consequences is the risk of offspring schizophrenia through epigenetic effects (22).

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 (18). In recent years, researchers have focused on the role of gut microbiota on diet. The gut microbiota has a critical role in mediating the effects of nutritional deficiencies on neurotransmitters and affects brain functions through multiple neural, endocrine and immune pathways. Its immunomodulatory mechanisms can produce both anti-inflammatory and pro-inflammatory effects, impacting not only the central nervous system but also the entire body. These effects are mediated by regulation of pro-inflammatory and anti-inflammatory cytokine levels and modulation of glial functions. In addition, the microbiota plays a role in maintaining oral tolerance, controlling intestinal and blood–brain barrier permeability, and modulating the hypothalamic–pituitary–adrenal axis, which in turn influences tryptophan metabolism. Gut microbes are the source of various neuroactive substances and neurotransmitters, including short-chain fatty acids, GABA, norepinephrine, dopamine, histamine, serotonin, and acetylcholine (23). In addition to their role in food digestion, metabolism, and fat storage, gut microbes have been observed to influence neurotransmitter balance (3). 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 (5). 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 (17).

In addition, António Damásio argues that the gut should be viewed as “our first brain” from an evolutionary point of view, emphasizing its essential role in emotional and cognitive processes. He hypothesizes that early life forms were primarily “floating digestive tracts,” where the main function of the nervous system was to regulate digestion. As organisms evolved, this nervous system expanded to manage various body functions, leading to a complex network of neurons around the gut that influence emotional regulation and feelings. Damasio emphasizes the gut-brain connection, noting that the enteric nervous system communicates with the brain and is integral to our emotional experiences. He asserts that bodily states, such as hunger and pain, are fundamental to consciousness, linking physical sensations to mental experiences (24).

The general public’s diet falls significantly short of the standards recommended by the WHO 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 (25). They exhibit an excessive preference for unhealthy foods, especially fast food and foods high in fats and carbohydrates, which characterize their dietary habits (26). This review aims to critically examine the evidence for the influence of diet, with a focus on prenatal nutritional deficiencies, obesity, oxidative stress, and inflammation, on the development, progression, and severity of schizophrenia symptoms. This review employs the PICOS framework to systematically evaluate the influence of diet on schizophrenia, providing a structured approach to understanding the relevant literature.



2 Methodology


2.1 Search strategy

The current systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines, employing several electronic databases (Science Direct, PubMed, and Google Scholar) and using the following keywords: [(schizophrenia[Title/Abstract]) AND (Diet [Title/Abstract]) AND (nutrients [Title/Abstract]) AND (obesity [Title/Abstract]) AND (oxidative stress [Title/Abstract]) AND (inflammation [Title/Abstract]) AND (antioxidants [Title/Abstract])]. Inclusion criteria included studies until July 2024 in English, which evaluates the relevance of diet in schizophrenia focusing on prenatal nutritional deficiency, obesity, oxidative stress and inflammation.



2.2 PICOS framework

To ensure a systematic approach to our review, we employed the PICOS framework as illustrated in Figure 2.
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FIGURE 2
 PICOS framework for evaluating dietary influences on schizophrenia.




2.3 Exclusion criteria

We applied the following exclusion criteria: (1) case reports, letters, summaries, expert opinion and comments; (2) conference abstracts, books, book chapters, and unpublished results; (3) non-English papers.



2.4 Data extraction

Among the initial 1,324 reports that were collected through electronic search, 878 were omitted due to duplicated results, 273 were ruled out because of the article type, and an additional 209 were excluded as they comprised conference abstracts, books, book chapters, and unpublished results. Additionally, 8 was excluded because it was not in the English language.



2.5 Data synthesis

Finally, 44 articles were included in this study, as demonstrated in a diagram of the literature search and selection process (see Figure 3). It was thought that the studies would be too heterogeneous to be combined. Therefore, a narrative synthesis was performed. The results are summarized in three chapters that address deficiencies in prenatal nutrition, obesity in schizophrenia and the role of diet and antidepressants, but also the impact of diet on oxidative stress and inflammation in schizophrenia.
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FIGURE 3
 The PRISMA flow chart of the selection process for the included studies.





3 Impact of prenatal nutritional deficiencies on schizophrenia risk

Increasing evidence from nutritional psychiatry shows that diet is crucial for psychological well-being throughout life. Recently, nutrition has become essential in modifying brain functions and their plasticity, as there is a connection between poor childhood nutrition and an increased risk of developing psychiatric disorders later in life (27). For example, folic acid deficiency during prenatal and postnatal periods can negatively affect neurological development and increase the likelihood of developing mental health issues (28). Deficiency of several nutrients, such as essential fatty acids, retinoids, vitamin D, and iron, has been associated with an increased risk of schizophrenia due to malnutrition during pregnancy (29).

Maternal immune activation (MIA) during pregnancy has been increasingly recognized as a significant factor influencing fetal neurodevelopment, particularly about the risk of schizophrenia in offspring. Research indicates that prenatal infections can trigger MIA, leading to elevated levels of pro-inflammatory cytokines that may disrupt neurodevelopmental processes.

A comprehensive review by Brown and Derkits (30), which included epidemiological and translational studies, showed that there is a correlation between prenatal infections and an increased risk of schizophrenia in offspring. These findings underscore the importance of maternal health during pregnancy, particularly about infections that can provoke immune responses. The mechanisms by which MIA can disrupt neurodevelopment were also studied by Kwon et al. (31), thus highlighting both experimental models and clinical evidence showing that maternal immune activation can lead to long-lasting changes in brain structure and function associated with an increased risk of developing schizophrenia. These changes may include changes in neurotransmitter systems, particularly those involving dopamine, which is essential for cognitive and emotional regulation.

In addition, the Gut-Brain Axis plays a crucial role in mediating the effects of maternal diet on neurodevelopment and schizophrenia risk. Thus, Cryan et al. (32) detailed how the gut microbiome can influence brain function through various mechanisms, including modulation of inflammation, neurotransmitter synthesis, and stress response. This connection suggests that dietary factors affecting gut microbiota composition could indirectly impact neurodevelopment through inflammatory pathways.

As some authors state, the intestinal microbiome plays an essential role in both the mother’s and the newborn’s diet, because the composition of the maternal microbiome is related to a child’s risk of developing certain adverse events such as certain diseases (33, 34). Moreover, the infant microbiome impacts neonatal development in several aspects, including the development of metabolism, neural, and immune responses. Disruption of gut microbiota composition in the first years of life may increase the risk of food intolerance and necrotizing enterocolitis (34). For the establishment of the gut microbiota, breastfeeding is an important period because the profile of the infant’s gut microbiome is time-dependent, with different types of microbes at different stages of early development. It has been found that cesarean delivery, antibiotic exposure, or formula feeding can disrupt the gut microbiota, for example, Lactobacillus and Bifidobacterium are more abundant in breastfed infants compared to formula-fed infants (34).

Furthermore, preterm infants have a different gut microbial community than full-term infants. Several factors can influence the colonization, development, and function of the gut microbiota of preterm infants (34, 35). Maternal microbiota and infant microbiota can be affected by genetic and environmental factors. Among the main factors that can affect the gut microbiota during pregnancy are antibiotic administration, diet, infection, stress, and genetics (35, 36). During birth, the maternal microbiota will be vertically transmitted to the newborn, and the mode of birth affects its colonization. The composition of the microbiome acquired in early childhood is critical for shaping the immune function and metabolic state of infants and adults (37).

The early microbiome is recognized for its major influence on long-term human health and development, and variation in gut microbiome composition and function is influenced by several factors including diet (35). In recent years, researchers have become increasingly interested in the impact of dietary interventions during pregnancy on the development of the infant’s gut microbiome. Dietary elements analyzed in the mother included usual eating habits and nutritional elements (38). After adjusting for variables such as demographic characteristics, type of birth, and breastfeeding status, no independent significant impact on the infant microbiome was observed (39). It has also been shown that the administration of probiotics to pregnant and lactating mothers has an impact on the newborn, influencing its intestinal microbiota (38). Also, (232) showed how the gut microbiota can regulate neuroinflammation and motor deficits, further illustrating the potential of dietary interventions to mitigate the risks associated with MIA. The interaction between maternal diet, gut microbiota, and immune activation may be critical in determining the neurodevelopmental trajectory of the fetus. 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 (29). Dietary factors can impact gene expression through epigenetic modifications via complex mechanisms (40). Bioactive dietary components affect gene expression by altering chromatin structure (DNA methylation, histone modification), non-coding RNAs, and the activation of transcription factors (41). Nutrients and bioactive compounds found in foods influence these epigenetic processes either by directly inhibiting DNA methylation and histone-modifying enzymes or by changing the availability of substrates required for these enzymatic reactions. For instance, diets rich in polyphenols, such as catechols, can reduce enzyme activity and reactivate genes that are otherwise epigenetically silenced. Additionally, various nutrients, including folate, riboflavin, methionine, and pyridoxine, play crucial roles in one-carbon metabolism and directly affect S-adenosyl-L-methionine levels (40).

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 (42). Nutritional deficiencies can have a significant impact on the production and functioning of neurotransmitters. Foods are recognized for their influence on mood, mainly by providing essential precursors for neurotransmitters. In addition, nutritional supplements, such as iron and folic acid, may be helpful in ameliorating symptoms of anxiety and depression (43). The most common nutritional deficiencies found in people with mental disorders include omega-3 fatty acids, B vitamins, minerals, and amino acids that are precursors to neurotransmitters (44). Adequate consumption of essential nutrients, which include protein, vitamins B and C, as well as certain trace elements, is crucial for maintaining a healthy brain and maintaining balanced levels of neurotransmitters (43). The latest update of the neurodevelopmental theory of schizophrenia has indicated that 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 (45).

It has been found that both prenatal and postnatal exposure to different nutritional elements or their deficiencies can lead to changes in the brain, which can predispose to neurodevelopmental disorders. Maternal nutrition can modulate gene expression through epigenetic mechanisms, methyl-donor micronutrients of one-carbon metabolism (folic acid, choline, and vitamins B6 and B12) are essential in many physiological pathways and processes, including DNA methylation (46). Maternal diet before pregnancy allows optimizing nutritional status to maintain a healthy pregnancy and fetal development. Moreover, during the period of conception, maternal nutrition is important for gamete function and health and for placental development (46).

The fetal brain consumes approximately 75% of fetal energy, suggesting that the developing brain is susceptible to nutrient restriction. Thus, it is suggested that an insufficient supply of nutrients causes different consequences depending on the stage of pregnancy, at first causing changes in neuronal proliferation, and in the earlier stage causing changes in neuronal differentiation (46). On the other hand, a high-calorie maternal diet causes reprogramming of myeloid progenitor cells, increasing the immune response throughout life (47).

Furthermore, prenatal malnutrition can disrupt myelin formation, conferring susceptibility to the pathology of schizophrenia (48). Numerous nutrients including Cu, folic acid, and choline demonstrate an important role in brain development. Preterm infants continue to accumulate macronutrient deficiencies and undergo initial growth reactions during the first weeks of hospitalization (49). There is also evidence that some micronutrient deficiencies, including low homocysteine, and vitamin D, increase the incidence of schizophrenia (50). The effects of long-chain polyunsaturated fatty acid (PUFA) supplementation on child development during gestation, infancy, and early childhood were studied, finding no significant benefit on cognition and attention. Iron deficiency is the most common deficiency nutritional deficit in the world and one of the first four cases of loss of developmental potential among children (49).Vitamin D is recognized for its important role in cell differentiation and proliferation, as well as neurotrophic actions in the brain. This micronutrient could modulate synaptic plasticity and neurotransmission, thus contributing to the optimal functioning of the nervous system (51). In addition, vitamin D plays an essential role in numerous brain processes, including neurodevelopment and neurotransmitter expression, and is valued for its neuroprotective effects (52). These neuroprotective effects are attributed to vitamin D’s ability to influence the production and release of neurotrophins, support neurotransmitter synthesis, maintain intracellular calcium homeostasis, and prevent oxidative damage to nervous tissue (53). Vitamin D has also been shown to have a significant antioxidant effect on neurons and the brain by increasing the levels of powerful antioxidant molecules such as cytochrome c and glutathione (54). This vitamin reduces oxidative stress and inflammation caused by free radicals and reactive oxygen species (ROS) by stimulating specific neurotrophic factors (55). Furthermore, it protects the brain against damage caused by ROS by increasing the levels of antioxidant molecules such as glutathione in non-neuronal cells (56).

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 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 (57). 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 (58). 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 124 (59). 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 dairy products. From a global perspective, vitamin D deficiency is among the most common micronutrient deficiencies (60).

As a fat-soluble vitamin, Vitamin D has diverse biological effects on the body (61). Vitamin D deficiency is linked to a wide variety of neuropsychiatric problems and neurodegenerative disorders (62). 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 (63). In psychotic disorders, vitamin D has been positively associated with peripheral gray matter volume, possibly indicating a neuroprotective effect (64).

Some time ago, it was noted that schizophrenia may be associated with vitamin B deficiency (65). 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 (pyridoxine), vitamin B12 (cobalamin), folic acid, and choline, may be linked to the onset and progression of schizophrenia (66, 67). 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 (68).

Neurotropic B vitamins, such as B1 (thiamine), B2 (riboflavin), B3 (niacin), B6, B9 (folate), 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 (69). 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 (70).

Vitamin D deficiency is one of the most studied risk factors for schizophrenia, being associated with cognitive impairment, including difficulty with attention and memory. In the context of schizophrenia, low vitamin D levels are correlated with increased symptom severity, including more pronounced negative symptoms and increased cognitive impairment (55). Low vitamin D, either at birth or in the postnatal periods, may contribute to the development of brain developmental disorders, including schizophrenia (71). Prenatal exposure to nutritional deficiencies, such as vitamin D deficiency, has been identified as a determinant of schizophrenia (72). Regarding vitamin C, its deficiency could worsen the symptoms of schizophrenia (73). Vitamin B9 plays a crucial role in fetal brain development, and its deficiencies have been associated with increased risks of schizophrenia (74).

Maternal iron deficiency is also considered a risk factor for schizophrenia, and future research may help reduce the risks for these disorders (75, 76). Maternal protein deficiency and prenatal exposure to starvation are considered significant factors in the risk of schizophrenia (77). Furthermore, glycine deficiency leads to behavioral changes responsible for the cognitive and negative symptoms of schizophrenia (78). Also, prolonged dietary fiber deficiency can lead to changes in the composition of the gut microbiome, influencing the development and progression of various schizophrenias (79). Epidemiologic, biochemical, and genetic association studies have demonstrated that folate deficiency is a risk factor for schizophrenia (80). 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 (81).

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 (82) 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 (70). 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 (83). 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 (84).

Similar to other major neuropsychiatric illnesses, schizophrenia usually begins in the late teens or early 0 s, with a slightly delayed onset in women (85). 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 (86, 87).

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 (86). Lipids and lipid intermediates are indispensable elements in the organization and functioning of the brain. Brain tissue contains the second-highest percentage of fat after adipose tissue, and fat makes up half of the brain’s dry weight (88). 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 (receptor binding, neurotransmission, signal transduction, and cognitive abilities, including learning and memory) (86).

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 (89). 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 (90). 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 (91).

Lack of long-chain omega-3 polyunsaturated omega-3 polyunsaturated fatty acids impairs neuronal development and may contribute to various mental health problems (92). 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 (93).

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 (94). 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 (95). This is accompanied by the appearance of neurosensory and behavioral disorders. 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 (96).

Pregnancy is characterized by the rapid growth of maternal and fetal tissues, which involves an increased demand for energy and nutrients (97). Lack of essential nutrients during critical growth phases can cause long-term brain dysfunction (98). The food consumed by the mother during pregnancy, as part of the period known as the “first 1,000 days,” is considered extremely important for the optimal development of offspring (97), reducing the risk of diseases throughout life, and overall long-term health. 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.



4 Obesity in schizophrenia: the role of diet and antipsychotics

Numerous factors contribute to weight gain in patients suffering from schizophrenia or psychosis (Figure 4). The main contributing factors are considered to be a sedentary lifestyle, unhealthy eating habits, genetic susceptibility, and antipsychotic treatment. People with severe mental disorders are at increased risk of obesity, cardiometabolic risk factors, and associated morbidity and mortality compared to the general population (99, 100). Weight gain caused by antipsychotics is a significant issue in the care of patients with psychosis (101). 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 MetS (102). The prevalence of MetS is high among individuals with schizophrenia. The frequent occurrence of both MetS and obesity in this population leads to a reduced life expectancy and an increased mortality rate (101). 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 (103).
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FIGURE 4
 Complex interactions between diet, gut microbiome, metabolic abnormalities and malnutrition in relation to schizophrenia prevalence.


Metabolic abnormalities already appear at the onset of psychosis, before the start of antipsychotic treatment (104). Misiak et al. (104) confirm that patients with schizophrenia spectrum disorders show a few metabolic abnormalities related to impaired glucose metabolism, high triglyceride levels, low HDL levels, high levels of visceral fat deposition, tolerance to impaired glucose, insulin resistance and type 2 diabetes (105). Individuals with schizophrenia are at a significantly higher risk of developing the aforementioned metabolic disorders (106). Many antipsychotics are associated with weight gain, lipid disturbances, and glucose dysregulation, which contribute to the development of (MetS) (107). MetS is much more prevalent in people with schizophrenia, presenting a significant cardiovascular risk and mortality (108). Although changes in the metabolic profile have been reported in drug-naïve patients, it has been suggested that metabolic dysregulation in schizophrenia may be a consequence of common genetic bases for psychotic and metabolic disorders. This hypothesis has been proven by some studies showing that genetic polymorphisms in TCF7L2, AKT1, and TSPAN8 genes could increase the risk of diabetes and schizophrenia (109). Metabolic dysfunction has not only been reported in schizophrenia, but also Alzheimer’s disease, major depressive disorder, and bipolar disorder. Symptoms of metabolic abnormalities ultimately result from abnormal brain function (105).

Insulin resistance is another critical aspect of metabolic health that warrants attention in this context. Research indicates that insulin resistance is significantly elevated among patients with schizophrenia, often exacerbated using antipsychotic medications. This condition not only contributes to the risk of developing type 2 diabetes but also negatively impacts overall brain function (110). Interventions aimed at improving insulin sensitivity through dietary modifications have shown promise in enhancing cognitive performance and metabolic health in these patients (111). Given the intertwined nature of obesity, insulin resistance, and antipsychotic treatment, addressing these metabolic disturbances through comprehensive lifestyle changes could be vital for improving both physical and mental health outcomes in individuals with schizophrenia.

Several commonly prescribed medications can cause weight gain and, in the case of prolonged treatment, can lead to clinically significant obesity (112). 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 (113). Explanations given for drug-induced weight gain include increased appetite, changes in food preferences toward carbohydrates, and alterations in nutrient metabolism. Other significant factors can explain medication-induced weight gain, such as impaired metabolism due to decreased thyroid function, fluid retention, and the anabolic effect of steroids (112).

The treatment of schizophrenia has evolved considerably over time, reflecting important advances in the understanding of the pathophysiology of the disease and the development of therapeutic strategies. One of the earliest treatments for schizophrenia, called insulin shock therapy, was introduced by the Austrian doctor Manfred Sakel in 1933. This treatment involved the administration of large doses of insulin to induce a hypoglycemic coma in patients, who were then brought out of the coma by glucose injections (114). Dysregulation of insulin action has been associated with the pathophysiology of schizophrenia and type 2 diabetes (115, 116). Insulin plays a crucial role in regulating dopamine levels in the striatum, controlling feeding behavior, and maintaining peripheral glucose homeostasis (115). Weight gain caused by insulin therapy can be a major challenge for patients with type 2 diabetes who are already overweight (117). In 1938, electroconvulsive therapy was introduced as an effective treatment for schizophrenia and other psychotic disorders. However, with the advent of chlorpromazine in the 1950s and the subsequent development of new pharmacological agents, the use of this therapy has declined considerably (118). The introduction of antipsychotics in the 1950s revolutionized the treatment of schizophrenia, providing a particularly effective therapy for managing the positive symptoms of the disease (119). In 1950, chlorpromazine was introduced into clinical investigations in France. The use of this drug has highlighted the variability of treatment response in schizophrenia (120). The evolution of schizophrenia treatments has demonstrated significant adaptation in therapeutic approaches, reflecting a deeper understanding of the pathophysiology of schizophrenia and the impact of side effects, such as weight gain, on patients.

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 (112). 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 (121).

Secondly, antipsychotics are prescribed as the main treatment for alleviating symptoms, preventing the relapse of schizophrenia, and regulating dopamine levels to normal (59). 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 (122).

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 mellitus (123). 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 (26). Moreover, antipsychotics differ significantly in their potential to cause metabolic disturbances. Clozapine and olanzapine present the highest risks, whereas ziprasidone and aripiprazole are associated with minimal metabolic risks (124).

Antipsychotics can lead to increased appetite (Figure 5). 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 (125). 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 (126). People diagnosed with schizophrenia adopt inadequate eating habits, characterized by increased consumption of saturated fats, sugar, and alcohol while having reduced intake of fish, vegetables, and fruits, which could affect cognitive function (59).
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FIGURE 5
 The impact of different types of diets on obesity caused by antipsychotic drugs ↑, increase/improve; ↓, decrease; →, leads to, DASH, dietary approaches to stop hypertension.


However, in recent years, current treatments have been shown to have a significant impact on oxidative pathways and can reverse pro-oxidative states in schizophrenia (127). Oxidative stress may represent a primary driver of disease and toxicity, and once damage begins, oxidant therapy cannot inhibit the progression of tissue damage due to other factors becoming dominant in the pathology (128). To defend against oxidative damage, organisms have developed defenses dependent on antioxidant enzymes and damage repair. In response to oxidants, the ability to detoxify oxidants and repair oxidative damage is enhanced. Improving these defenses is the main strategy underlying antioxidant therapy (128). Research on the therapeutic use of antioxidants in schizophrenia can be grouped into two main groups, namely for psychopathology and secondary effects (129). It has been found that fruits and vegetables rich in antioxidants included in the daily diet strengthen the ability to fight against infections and diseases. By investigating antioxidant modulation as a therapeutic target for the treatment of schizophrenia, mechanisms of action were found to vary between compounds. For example, Omega-3, exhibits direct antioxidant properties, acting by protecting against oxidative attack and by strengthening lipid membranes (127). N-acetylcysteine may provide tangible benefits for the clinical syndrome of schizophrenia by acting predominantly on the glutathione pathway, and vitamin E may provide beneficial effects on the glycemic effects of antipsychotics (127, 129). Magalhães et al. (127) state that Ginkgo biloba has a positive effect on psychotic symptoms in the short term, unlike other antioxidants such as allopurinol and selegiline that showed no real differences compared to placebo.

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) (125), and the problem of weight gain and diabetes mellitus has been highlighted in connection with atypical antipsychotic treatment (25). The way antipsychotic medications influence food intake is probably related to their impact on dopamine and serotonin receptors (25). After treatment with conventional and atypical antipsychotic agents, high levels of circulating leptin have been observed. Leptin, a hormone fat cells produce, influences the hypothalamus to suppress hunger. The body of obese individuals is often resistant to this characteristic of leptin (130, 131).

Differences in weight gain tendency vary between medications, with the greatest effects observed with olanzapine and cloza (103). The increased risk of weight gain with these medications is due to their action on serotonin, dopamine, histamine, and muscarinic receptors (101). 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 (103).

Early dietary interventions in schizophrenia included suggestions about the possible effectiveness of gluten-free diets in reducing symptoms or disease severity (132). Dietary interventions may help prevent schizophrenia or delay the onset of symptoms. These balanced diets include nutritious plant-based foods and high-quality protein and are associated with a reduced risk of schizophrenia and improved symptoms. Furthermore, a diet high in saturated fat and sugars is linked to a more severe course of schizophrenia (133). People with schizophrenia have been found to eat a poor diet, have high rates of smoking, and exercise little. Although nutritional factors play a key role in the development of diabetes in patients with schizophrenia, they can affect both the outcome and severity of schizophrenia. In turn, diet is determined by other factors such as social, political, and cultural.

People with schizophrenia consume less dietary fiber, antioxidant vitamins, and fruits and vegetables in extremely low proportions. They are consuming a diet known to promote MetS, i.e., high in saturated fat and low in fiber, but with a high glycemic load (25). In addition to antipsychotic drugs, there are other proposed ways to control refractory symptoms of schizophrenia. A high-fiber diet, the DASH diet, and the Mediterranean diet may become beneficial in reducing metabolic, cardiovascular, and immune parameters related to premature mortality in schizophrenia (134).

The ketogenic diet (KD, also known as metabolic therapy) consists of a high-fat, low-carbohydrate diet (135, 136). Ketogenic diets are high-fat, low-carbohydrate diets (137). This provides an alternative source of energy for the brain, replacing glucose, and normalizes schizophrenia-like behaviors (138). In addition, it has been observed to have a very good therapeutic role in patients with intractable seizures (137). It is noteworthy that the KD normalizes pathological behaviors in an animal model of schizophrenia (139, 140). Sethi et al. (136) confirmed that participants with schizophrenia showed an average improvement of 32% according to the Brief Psychiatric Rating Scale. Furthermore, in another study, a reduction in long-term schizophrenic symptoms was observed after initiation of a low-carbohydrate ketogenic diet used for weight loss (141). However, KD has some common side effects, including headache, fatigue, and constipation (136). This dietary intervention mimics the effects of fasting and has a role in reducing glutamate toxicity, promoting the inhibitory tone of GABA, and reducing the formation of ROS, thus all of these contribute to the improvement of neuronal function (142).

The Mediterranean diet is one of the healthiest diets characterized by well-balanced proportions of fatty acids and a high consumption of fruits, vegetables, nuts, and olive oil (143). This diet has been suggested to patients with schizophrenia because this disease occurs along with other comorbidities such as obesity, (MetS), and cardiovascular disease (144). The Mediterranean diet is inspired by the eating habits of Mediterranean countries and the Middle East (145), emphasizing fresh vegetables, grains, olive oil, and herbs; limiting meat consumption, is known to reduce blood cholesterol (146). In addition, it has been noticed that it has positive effects on diabetes mellitus, cardiovascular diseases, arthritis, and cancer (147, 148). Purslane is notable for having the highest levels of omega-3 fatty acids of any land plant, which are essential for heart health and may help prevent strokes and heart disease. It is also rich in vitamins A and C, as well as beta-carotene, which contribute to eye health and immune function. The antioxidants present in purslane help fight oxidative stress and may reduce the risk of cancer (149).

In addition, purslane is a good source of essential minerals such as magnesium and calcium, which are important for bone health and metabolic functions. For example, a detailed analysis of the mineral composition of purslane revealed its significant levels of magnesium (68 mg/100 g) and calcium (65 mg/100 g), among other essential minerals (150).

Research suggests that purslane may also support diabetes management by lowering blood sugar levels and improving lipid profiles. Its anti-inflammatory properties further enhance its potential as a therapeutic food for chronic conditions associated with inflammation (146). In short, incorporating purslane into the Mediterranean diet not only aligns with its principles of consuming nutrient-dense foods but also provides additional health benefits that can help prevent and manage various chronic diseases.

The Dietary Approaches to Stop Hypertension (DASH) diet is a diet designed to lower blood pressure. DASH is a low-sodium, low-fat diet designed to treat high blood pressure (151, 152). As with ketogenic diets, DASH diets are effective for weight loss (153). In a DASH dietary pattern, special emphasis is placed on low-fat milk and dairy products, whole grains, lean meats, fruits, and vegetables, along with reducing sodium intake. However, studies of the DASH diet in schizophrenia are insufficient and limited (154). DASH could be broken down by a high intake of fruits, vegetables, grains, poultry, fish, and a low intake of saturated fat, red meat, and sugary drinks (59).

Moreover, mineral and vitamin supplementation has been found to reduce psychiatric symptoms in people with schizophrenia (155). It has been found that supplementation with B vitamins may help reduce psychopathological symptoms in this population. Omega-3 fatty acids were more specifically associated with decreased positive symptoms and general psychopathology. However, the relationship between diet and psychosis could be bidirectional (Table 1).



TABLE 1 Nutritional deficiencies relevant to mental health: micronutrients and macronutrients related to schizophrenia.
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The introduction could benefit from a more in-depth discussion of the biological mechanisms through which diet influences schizophrenia beyond just oxidative stress and inflammation (e.g., epigenetic changes, neuroplasticity) (143). Co-supplementation with vitamins C, E, and omega-3 fatty acids decreased several psychiatric scores (59). Supplementation with omega-3 fatty acids might improve disease progression, although conflicting data also exist (86). There is increasing evidence to suggest that vitamin supplementation, particularly folic acid, vitamin B12, and vitamin D, may be important in the treatment of certain subgroups of patients (156). A study of supplementation with vitamins E and C (E/C, 400 IU:500 mg) and omega-3 PUFA fatty acids (eicosapentaenoic acid/ docosahexaenoic acid, 180/120 mg) in a group of 33 patients with schizophrenia showed a reduction significant of psychopathological symptoms (157). Valipour et al. (158) confirm that vitamin D supplementation has not yet been addressed in improving the symptoms of schizophrenic patients with vitamin D deficiency and their response to antipsychotic drugs.

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 on schizophrenia (3). 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 (159). In this context, it is essential to understand how various types of diets can influence antipsychotic-induced obesity (Table 2), a common problem in the treatment of schizophrenia.



TABLE 2 Effects of different types of diets on antipsychotic-induced obesity in patients with schizophrenia.
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Excess weight, which represents a major risk for (MetS), cardiovascular diseases, and premature mortality, is a common physical health problem among patients with schizophrenia spectrum disorder (160). Since eating habits influence the quantity and type of food consumed, they can prevent or control obesity, making them modifiable factors. 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 (126).



5 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 (161). 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 (126, 162).

Oxidative stress is a complex biological process defined by the excessive generation of ROS, which disturbs the body’s redox balance and leads to oxidative damage (163). This 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. Increased oxidative stress in schizophrenia is influenced by several interconnected factors, which include likely contributions from the environment, genetic predispositions, and immune system dysfunctions (164). The insufficient effectiveness of the antioxidant system in countering free radical production can lead to cellular membrane damage, resulting in dysfunctions that may affect neurotransmission and contribute to the symptoms of schizophrenia. This is closely linked to increased oxidative stress, which ultimately leads to various pathological outcomes, including lipid peroxidation (165). 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 (162). 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 (166). 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 (157). However, it is unclear if the effects are solely due to vitamin supplementation because they were given in combination. In a study conducted by Bentsen et al. (167), patients with schizophrenia taking antipsychotic medication were given vitamin C (364 mg/day) and vitamin E (1,000 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 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 γ (gamma)- and δ (delta) tocopherols. They propose that vitamin C could offset some negative impacts of vitamin E (156).

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 (168). The inability of antioxidants to protect against free radicals can damage cell membranes, causing dysfunctions that could influence neurotransmission and ultimately symptoms in schizophrenia (165). 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 (168).

Among patients with schizophrenia, research has shown varying results regarding SOD levels, but most of the 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. CAT 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.

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. Mitochondria are organelles involved in cellular energy production, but their function may be impaired in patients with schizophrenia (169–171). Improving mitochondrial function through dietary therapy may normalize energy metabolism and restore neuronal function. 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 few 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 (Table 3), poor diet, lifestyle factors (such as smoking), metabolic changes, and potential effects of medications. 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 3 Biochemical changes of some parameters related to oxidative stress in patients with schizophrenia.
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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 ROS 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 ROS (172).

Advanced glycation end products (AGEs), which are known to induce oxidative stress, have garnered significant attention in the context of schizophrenia. These compounds bind to neuronal membranes and proteins, inhibiting cellular function and potentially disrupting neurotransmitter balance, which may lead to neuronal death (164, 173). Recent studies suggest that AGEs may play a dual role in the disease process. On one hand, they are implicated in neurodegeneration through their ability to generate ROS, which can further damage cellular structures and impair neuronal activity. On the other hand, AGEs may also influence the immune response by modulating glial cell function, promoting chronic inflammation that is often observed in schizophrenia (174, 175). This interplay between oxidative stress and inflammation underscores the complexity of schizophrenia’s pathophysiology and highlights the need for further research into therapeutic strategies that target these mechanisms (176).

The way diet, nutrients, and/or nutritional 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 (3). To better understand these complex relationships, Figure 6 below illustrates how nutritional deficiencies can influence the levels of ROS 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 (177).
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FIGURE 6
 Impact of nutritional deficits on ROS production and exacerbation of schizophrenia symptoms ↑, 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 (178). 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 (59).

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 (59). High-calorie foods, saturated fats, and simple carbohydrates can stimulate peripheral inflammatory markers, while foods rich in fiber and vegetables reduce inflammation (15). 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 (179).

Accumulated information from previous research shows that inflammation has been identified as a factor in the development of schizophrenia (180). 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 (59).

A gut-brain connection should be examined regarding the link between dietary inflammation and schizophrenia. Changes in the composition of the microbiota and microbial metabolites influence gut health and immune system reactions. The 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 (181). Furthermore, recent studies have reported that patients with schizophrenia exhibit increased intestinal permeability, often referred to as “leaky gut” (182). If this permeability persists over time, it can compromise the blood–brain barrier, allowing harmful substances to enter the brain and potentially damage neurons. This disruption may exacerbate symptoms and accelerate the onset of schizophrenia (183). Moreover, patients with schizophrenia exhibit significant imbalances in gut flora compared to healthy individuals. Research indicates that specific bacterial populations are altered in these patients, which may contribute to their psychiatric symptoms (184, 185). For instance, disturbances in the gut microbiome can affect neurotransmitter metabolism, including glutamate and GABA, which are critical for maintaining mental health (186). Additionally, animal studies have shown that manipulation of gut flora through fecal transplants can lead to schizophrenia-like behavioral changes, further supporting the connection between gut health and mental health outcomes (182, 184). These findings underscore the importance of considering gastrointestinal health in understanding the pathophysiology of schizophrenia. 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 (59).

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 (59). 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 (187).



6 Limitations

The field of nutritional psychiatry is a new one, and there is consensus about the specific impact of diet and nutritional deficiencies on schizophrenia, suggesting that further studies are needed. Also, most of the studies included in this review are cross-sectional and do not follow participants long-term, which limits understanding of the cumulative effects of nutrition on mental health. Moreover, exposure to stress, lifestyle, stress, and other factors can influence both diet and the risk of schizophrenia. The methods of assessing diet and nutritional status vary from one study to another, this may introduce the risk of errors and may affect the accuracy of the results.



7 Conclusion

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. Additionally, 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, preventing complications, and improving quality of life. Given the essential role of omega-3 fatty acids in brain development and function, their deficiency has been linked to an increased risk of schizophrenia. Similarly, vitamin D deficiency is prevalent among individuals with schizophrenia and correlates with symptom severity; thus, maintaining adequate levels of vitamin D is crucial for brain development and function. B vitamins, especially folic acid, vitamin B6, and vitamin B12, play an essential role in cellular metabolism and neurotransmission. Deficiencies of these vitamins are also associated with a heightened risk of developing schizophrenia.

As our understanding of the relationship between diet, nutrition, and schizophrenia evolves, tailored dietary interventions are likely to become an increasingly important component of comprehensive treatment plans for individuals with schizophrenia. Future research should focus on identifying specific dietary patterns and nutrient combinations that effectively reduce symptoms and improve outcomes for people with schizophrenia. Additionally, clinical trials evaluating the combined effects of multiple nutrients, such as omega-3-fatty acids, vitamin D, and B vitamins, should be prioritized to establish evidence-based dietary recommendations.

In summary, integrating nutritional strategies into the management of schizophrenia holds promise for enhancing patient care. Continued exploration of the links between food, nutrition, gut microbiome profiles, and mental health will be essential for developing effective interventions aimed at improving the lives of those affected by schizophrenia.
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