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Abstract: Recent evidence emphasizes the critical importance of diet in the prevention and management of psychiatric diseases, including
depression, anxiety, schizophrenia, and bipolar disorder. This review examines the significance of personalized nutrition in mental health
care within the frameworks of biomedicine and nutritional epidemiology, highlighting its potential to enhance outcomes for individuals with
psychiatric disorders. Psychiatric disorders involve complex interactions among genetic, environmental, and lifestyle factors. Although
pharmacological treatments are prevalent, personalized nutrition – customizing dietary interventions according to an individual’s genetic
composition, microbiome, and metabolic reactions – is gradually recognized as a complementary strategy. Personalized nutrition seeks to
enhance cognitive performance and mitigate mental symptoms by using insights from nutrigenomics, epigenetics, and metabolomics.
Nutritional epidemiology, which investigates the correlations between diet and health within populations, offers significant insights into
dietary patterns and specific nutrients linked to mental health. Epidemiological studies and clinical trials enhance nutritional guidelines for
individuals at risk of or managing psychiatric disorders. This review summarizes recent clinical and epidemiological evidence regarding the
influence of nutrition on mental health, emphasizing the prospective advantages of personalized nutrition. It also addresses the challenges
and future research directions, promoting interdisciplinary methods that integrate biomedicine, nutritional science, and psychiatry to
formulate effective, personalized dietary strategies for managing psychiatric disorders.
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1. Introduction

1.1. Overview of psychiatric diseases and their
socioeconomic implications

Psychiatric diseases encompass a wide spectrum of mental
health conditions characterized by significant changes in an
individual’s cognition, emotional regulation, or behavior. Such
issues typically lead to substantial distress or impairment in
personal, social, and occupational functioning. Among the most
prevalent psychiatric disorders are depression, anxiety, bipolar
disorder, and schizophrenia, each contributing individually to the
global burden of disease. These disorders often have complex
causes, including genetic predisposition, environmental influences,
and neurobiological abnormalities. Advances in neurology and

psychiatry have enhanced our understanding of the pathogenesis
of these illnesses. However, many aspects of their etiology
remain unknown, limiting the development of effective
treatments. The socioeconomic impact of psychiatric diseases is
profound and diverse, affecting individuals, families, and
communities (Figure 1) [1]. Mental health disorders are a
significant source of impairment worldwide, with depression alone
accounting for more than 4% of the global disease burden. The
economic repercussions are substantial, with expenditures related
to mental health illnesses projected to exceed several trillion
dollars annually. These expenses stem from direct healthcare
expenditures, loss of productivity, and the economic burden of
social assistance programs. Mental problems are frequently linked
to heightened morbidity and mortality, in part due to their
substantial association with chronic physical conditions like
cardiovascular disease, diabetes, and obesity. This bidirectional
connection highlights the significance of cohesive strategies in
mental and physical health care [2].

*Corresponding author: Oluwafikayo Seun Adeyemi-Benson, Department of
Public Health, University of Illinois at Springfield, USA. Email: oadey2@uis.edu

Medinformatics
2025, Vol. 00(00) 1–14

DOI: 10.47852/bonviewMEDIN52025024

© The Author(s) 2025. Published by BON VIEW PUBLISHING PTE. LTD. This is an open access article under the CC BY License (https://creativecommons.org/
licenses/by/4.0/).

01

mailto:oadey2@uis.edu
https://doi.org/10.47852/bonviewMEDIN52025024
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


In addition to economic and physical concerns, psychiatric
disorders profoundly affect psychosocial well-being. Individuals
with mental health concerns may encounter stigma and
discrimination, exacerbating their struggles and hindering access to
help. Notwithstanding heightened public awareness and advocacy
initiatives, the societal stigma around psychiatric diseases endures.
This stigma not only hinders early identification and treatment but
also marginalizes people impacted, limiting their prospects for
education, work, and significant relationships. Families and
caregivers frequently find themselves entangled in this cycle of
pain, enduring emotional burdens, financial pressures, and
occasionally social isolation. The repercussions of psychiatric
diseases are particularly severe in vulnerable groups, including
children, adolescents, and persons living in low- and middle-income
countries [3]. The early onset of mental health disorders in
teenagers can interrupt their development, leading to poor academic
performance, strained relationships, and heightened risks of
substance misuse and delinquent conduct. In under-resourced
regions, mental health treatments are usually limited, and cultural
impediments may further hinder access to care. This gap underlines
the global inequalities in mental health resources and emphasizes
the importance of international cooperation to solve these concerns [4].

Despite encountering hurdles, psychiatry has made considerable
advancements in recent decades. Developments in neuroimaging,
genetics, and psychopharmacology have shed light on the molecular
roots of mental health concerns, permitting the construction of more
tailored and effective therapies. Simultaneously, knowledge of the
importance of socioeconomic variables on mental health, including
poverty, education, and social support, has expanded. This
transition in mental health care supports a more holistic and
interdisciplinary approach, incorporating social, psychological, and
biological therapies [5]. The impacts of psychiatric diseases
transcend beyond individuals who are immediately affected, altering
the broader social structure. This issue requires a coordinated effort
from governments, healthcare entities, academics, and communities.
Investments in mental health systems, public awareness campaigns,
and research are vital for lessening the impact of mental diseases. In

addition, developing cultures that boost mental health and eliminate
stigma is crucial to building a more inclusive and supportive
environment for affected individuals. Mental health should remain a
global priority in public health discourse, and measures to address
its societal implications must evolve alongside our improving
understanding of mental diseases [6]. Figure 1 presents the global
prevalence of major psychiatric disorders, including depression,
anxiety disorders, bipolar disorder, schizophrenia, and eating
disorders, in millions of individuals. The data also includes the
percentage of the global population affected by each disorder.

1.2. The role of nutrition in mental health

The relationship between nutrition and mental health has become
an important research topic, revealing the substantial effect of dietary
patterns and individual nutrients on cognitive abilities, emotional
stability, and overall mental wellness. Traditionally, mental health
research has concentrated primarily on genetic, neurochemical, and
psychosocial factors, sometimes missing the essential impact of diet.
However, current discoveries underline the relevance of nutrition as
a changeable factor in preventing and treating mental diseases such
as depression, anxiety, and cognitive loss. This critical shift has led
to interdisciplinary research to unravel the biochemical and
physiological pathways that relate nutrition to mental health
outcomes, thereby opening up new routes for therapy [7]. A central
point from this relationship is that the brain requires a continuous
supply of nutrients to function efficiently. The vitamins and minerals
that support neuroplasticity, neurotransmitter generation, cellular
energy activities, and macronutrients like fatty acids are crucial for
the brain’s structural and functional health. For example, omega-3
fatty acids contained in fish oil are needed for forming brain
membranes and have exhibited antidepressant and anti-inflammatory
benefits. In addition, reduced levels of B vitamins, particularly
folate, B6, and B12, are related to changes in homocysteine
metabolism, which can interfere with neurotransmitter synthesis and
lead to mood problems. Antioxidants, particularly vitamins C and E
and polyphenols, help protect against oxidative stress and

Figure 1. Global prevalence of major psychiatric disorders (2019)
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inflammation,which are increasingly recognized as contributory factors
in developing psychiatric illnesses [8].

The emerging area of nutritional psychiatry focuses on how diet
affectsmental well-being. Research on theMediterranean diet, typified
by a high intake of fruits, vegetables, whole grains, nuts, and olive oil,
generally reveals links with lower risks of depression and cognitive
impairment. The diet’s anti-inflammatory and neuroprotective
characteristics are believed to be crucial determinants, confirming
the value of a whole-food approach in enhancing mental health. In
contrast, Western-style diets, heavy in refined sugars, saturated fats,
and processed foods, are associated with lower mental health
outcomes, mostly due to their inflammatory effects and bad
influence on gut bacteria. The gut-brain axis is an essential part of
the nutrition–mental health interaction, a two-way communication
pathway connecting the central nervous and gastrointestinal
systems. This axis is predominantly governed by gut microbiota, a
varied group of bacteria that inhabit the digestive system. Research
indicates that dietary choices might impact the makeup and function
of gut microbiota, potentially influencing the production of
neuroactive chemicals such as gamma-aminobutyric acid (GABA),
serotonin, and short-chain fatty acids (SCFAs). Dysbiosis, or an
imbalance in gut flora, has been related to mental health conditions
such as sadness and anxiety. As a result, treatments that try to
restore gut health through prebiotics, probiotics, and fiber-rich diets
are gaining attention as prospective strategies to increase mental
well-being [9].

The implications of these findings go beyond isolated dietary
components, influencing broader public health initiatives and
therapeutic practices. Nutritional therapies are increasingly
incorporated into mental health care, serving preventive and
complementary roles. For example, randomized controlled trials
(RCTs) investigating dietary changes alongside standard psychiatric
treatments have reported positive outcomes, including mood,
cognitive function, and overall quality of life. This evidence
reinforces that addressing nutritional deficiencies or imbalances can
complement pharmacological and psychotherapy methods,
particularly for treatment-resistant individuals [10]. Despite the
growing evidence, significant hurdles remain in translating research
findings into practice. The heterogeneity in individual dietary
reactions shaped by genetic, epigenetic, and metabolic factors
highlights the importance of tailored methods in nutritional
psychiatry. Advancements in nutrigenomics and metabolomics
provide potential ways for personalizing dietary therapy to match
individual needs; nevertheless, these technologies are still evolving
and need more validation. Socioeconomic problems, such as food
insecurity and limited availability to nutrient-rich foods, impede
executing dietary guidelines, especially among low- and middle-
income populations [11].

1.3. Aim of the review

This study studied how a tailored diet is emerging as a possible
strategy for treating psychiatric problems. It represents a fascinating
juncture where biology, nutritional science, and psychiatry meet in
unique ways. The global burden of psychiatric disorders is
significant, and there is a pressing need for inventive techniques to
enhance treatment outcomes. Personalized nutrition offers a realistic
option by adapting dietary interventions to each person’s
unique genetic makeup, metabolic processes, and gut microbiota
composition. This method examines the biological and
environmental variables in psychiatric illnesses. It extensively
evaluates the scientific data associating various dietary patterns and
individual nutrients with mental health outcomes. By integrating

insights from nutrigenomics, epigenetics, and microbiome research,
we highlight how individual dietary responses can affect the success
of nutritional interventions for psychiatric patients. We also
examine the clinical potential of customized dietary plans, drawing
on findings from epidemiological studies, clinical trials, and
advanced technologies like artificial intelligence (AI)-powered diet
optimization and metabolomic profiling. Throughout the review, we
critically evaluate the existing research to identify knowledge gaps
while discussing the challenges and limitations of implementing
personalized nutrition approaches in everyday psychiatric care. By
emphasizing the interdisciplinary nature of this work, we foster a
deeper understanding of how individualized dietary strategies can
be woven into comprehensive mental health treatment plans,
ultimately helping to improve outcomes and quality of life for
people with psychiatric disorders.

2. Understanding the Relationship Between
Nutrition and Psychiatric Disorders

2.1. Overview of major psychiatric disorders
affected by nutrition

Psychiatric disorders are complicated conditions impacted by a
range of hereditary, environmental, and lifestyle factors, among which
nutrition is becoming acknowledged as a crucial contributor.
Emerging research reveals the impact of dietary patterns and specific
nutrients on the onset, progression, and severity of various mental
diseases, including depression, anxiety, schizophrenia, and bipolar
disorder (Table 1). These disorders share standard pathophysiological
processes, such as neuroinflammation, oxidative stress, and disruption
of the gut-brain axis, all of which are susceptible to dietary
treatments. Understanding the role of nutrition in these disorders gives
new potential for prevention and management techniques that
supplement existing pharmaceutical and psychotherapy approaches [12].

Depression, a prominent cause of disability worldwide, has
been extensively investigated in relation to nutrition. Evidence
suggests that diets rich in whole foods, such as fruits, vegetables,
whole grains, and seafood, are related to a reduced incidence of
depression. In contrast, diets high in processed foods, refined
carbohydrates, and saturated fats increase vulnerability. The
Mediterranean diet, defined by its anti-inflammatory and
antioxidant qualities, is particularly beneficial in reducing
depression symptoms, perhaps due to its high omega-3 fatty acids,
B vitamins, and polyphenols. Omega-3 fatty acids, in particular,
perform a key function in modulating neuroinflammation and
synaptic plasticity. At the same time, folate and vitamin B12

shortages impact homocysteine metabolism, decreasing
neurotransmitter synthesis and mood modulation [13].

Dietary problems have also been linked to anxiety disorders,
including social anxiety disorder, panic disorder, and generalized
anxiety disorder. Diet-induced dysregulation of the HPA axis is
anticipated to aggravate anxiety symptoms, as stress-related
pathways are sensitive to nutritional status. Nutrients such as
magnesium, zinc, and tryptophan are essential for maintaining
HPA axis homeostasis and promoting the synthesis of GABA, a
crucial inhibitory neurotransmitter implicated in anxiety
regulation. The gut-brain axis plays a particularly significant role
in anxiety disorders, with gut microbiota composition governed
by nutrition directly altering brain function through the generation
of neuroactive substances and modulation of the immune
response. Diets high in fiber and fermented foods, which support
healthy gut flora, have been found to lessen anxiety-like behaviors
in both clinical and preclinical experiments [14].
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Schizophrenia, a severe and chronic psychiatric disorder marked
by psychosis, cognitive deficits, and social disengagement, has
increasingly been recognized for its ties to dietary variables.
Patients with schizophrenia generally tend toward energy-dense,
nutrient-poor diets, which contribute to major shortages in
key nutrients such as omega-3 fatty acids, antioxidants, and
vitamins D and B12. These nutritional deficits appear to increase
neuroinflammation and oxidative stress, two variables directly
associated with the development and progression of schizophrenia.
Research suggests that dietary therapies targeting improved glucose
management and reduced oxidative damage could ameliorate
cognitive deficits and improve overall symptomatology. Auspicious
results have emerged from omega-3 fatty acid supplementation,
which indicates potential for decreasing the onset of psychosis in
high-risk individuals and improving outcomes for those in the early
stages of schizophrenia [15].

Bipolar disorder, with its distinctive alternating episodes of
mania and sadness, presents particular obstacles in nutritional
studies due to its cyclical nature. Nevertheless, accumulating data
suggests nutrition plays a considerable role in mood stability and
overall disease control. Omega-3 fatty acids have been extensively
explored in bipolar disorder, with studies suggesting their
potential to lessen depressive episodes and promote mood control.
Dysregulated glucose metabolism, a prevalent comorbidity in
bipolar disorder, is greatly influenced by dietary choices. High-
glycemic-index foods are likely to worsen mood swings and lead
to metabolic abnormalities. Furthermore, correlations have been
established between abnormalities in magnesium, zinc, and
selenium and mood instability, potentially contributing to the
underlying pathophysiology of bipolar illness. Findings imply that
tailored therapies addressing these nutritional deficits can enhance
pharmacological therapy effectiveness and lower the prevalence
and severity of mood disorders [16].

The related mechanisms revealed between diet and diverse
psychiatric illnesses underline nutrition’s value as a controllable
element in mental health treatment. Neuroinflammation, oxidative
stress, and gut dysbiosis emerge as significant elements in the
pathophysiology of depression, anxiety, schizophrenia, and bipolar
disorder, all potentially amenable to dietary management
techniques. While the database grows, greater inquiry is needed to
understand the precise biochemical processes through which
nutrition affects mental health outcomes. Additionally, tailored
techniques incorporating genetic, metabolic, and microbial diversity

will be crucial for optimizing nutritional therapy for specific
individuals. Incorporating nutrition into comprehensive care plans
could potentially benefit quality of life and long-term results for
patients affected by these chronic psychiatric diseases [17].

2.2. Mechanisms linking nutrition and mental
health

Several biochemical processes, including neuroinflammation,
neurotransmitter production, and the gut-brain axis, underpin the
complicated link between nutrition and mental health. These
pathways describe how dietary components influence brain
function and mental well-being, creating a framework for studying
the role of nutrition in the origin and progression of psychiatric
illnesses. By addressing these pathways, nutritional interventions
provide the potential to augment current mental health therapy
and give novel strategies for prevention and management [18].

Neuroinflammation constitutes a major mechanism in many
psychiatric disorders, showing a vital relationship between food
and mental health. The existence of chronic low-grade
inflammation in the brain has been related to disorders like
depression, anxiety, and cognitive loss. Diet greatly influences
this inflammatory response – ingesting pro-inflammatory diets
heavy in processed components, trans fats, and refined sweets can
aggravate neuroinflammation. On the flip side, anti-inflammatory
foods such as those rich in omega-3 fatty acids, polyphenols, and
specific vitamins appear to offer protection by reducing microglial
activation and decreasing production of pro-inflammatory
cytokines like interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-α). Omega-3 fatty acids are particularly crucial for resolving
inflammation, as they encourage the creation of specialized pro-
resolving lipid mediators that help restore balance. Deficiencies in
important minerals like magnesium and zinc might increase the
inflammatory cascade, underscoring the significance of
maintaining a nutrient-dense diet to prevent neuroinflammation
[19]. The production of neurotransmitters represents another
crucial pathway by which nutrition affects mental health.
Neurotransmitters, including serotonin, dopamine, and GABA,
play key roles in regulating mood, cognition, and behavior, and
their generation depends on certain dietary precursors and
cofactors. Tryptophan, an important amino acid in protein-rich
meals, is a precursor for serotonin generation. The brain’s access to
tryptophan is controlled by food intake and activity in competing

Table 1. Major psychiatric disorders are influenced by diet, their prevalence, and known dietary factors

Disorder Global prevalence Key dietary factors Impact of diet on disorder

Depression 280 million (3.8%) Omega-3 fatty acids, B vitamins (B6, B9, B12),
vitamin D, magnesium, antioxidants
(e.g., polyphenols)

Nutrient-rich diets reduce inflammation
and stimulate neurotransmitter production,
relieving depressed symptoms.

Anxiety 301 million (4.0%) Magnesium, zinc, probiotics (gut-brain axis),
omega-3 fatty acids, tryptophan

Supports GABAergic activity and serotonin
synthesis, enhancing mood and lowering
anxiety symptoms.

Bipolar Disorder 40 million (0.5%) Omega-3 fatty acids, folate, magnesium,
polyunsaturated fatty acids

Stabilizes mood fluctuations and boosts
treatment efficacy when paired with
pharmaceutical treatments.

Schizophrenia 24 million (0.3%) Antioxidants (e.g., vitamins C and E),
omega-3 fatty acids, glycemic
management (low-GI meals)

Reduces oxidative stress and inflammation,
which are implicated in the pathogenesis
of schizophrenia.

Eating Disorders 14 million (0.2%) Balanced macronutrient intake,
micronutrients (zinc, iron, magnesium),
omega-3 fatty acids

Addresses vitamin shortages and helps
restore regular eating patterns, boosting
overall mental health.
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metabolic pathways, particularly the kynurenine pathway, which
becomes more active during inflammatory conditions. This shift in
tryptophan metabolism toward kynurenine lowers serotonin
availability, potentially contributing to depressive symptoms.
Similarly, tyrosine and phenylalanine, which serve as precursors for
dopamine synthesis, depend on adequate food intake and optimal
enzyme function, which rely on micronutrients like iron, vitamin B6,
and vitamin C. The production and release of GABA, the principal
inhibitory neurotransmitter, are also impacted by dietary availability,
with deficits in magnesium and vitamin B6 potentially affecting
GABAergic function and perhaps leading to anxiety disorders [20].

The gut-brain axis has emerged as a critical mechanism relating
nutrition to mental health, demonstrating the two-way
communication between the central nervous system and our
digestive tract. The gut microbiota, that complex colony of
bacteria living in our intestines, plays a critical part in this
connection by creating neuroactive chemicals, modulating
immunological responses, and changing the integrity of the gut
lining. What we consume considerably impacts the composition
and variety of these gut microorganisms, with fiber-rich diets
boosting the growth of beneficial bacteria that create SCFAs
including butyrate, propionate, and acetate. These SCFAs possess
anti-inflammatory effects and help maintain the blood-brain
barrier, thereby fighting against neuroinflammation [21].

Dysbiosis, an imbalance in gut microbiota, has been linked to
psychiatric illnesses such as sadness and anxiety, partly because it
increases intestinal permeability and causes systemic inflammation.
The gut-brain axis also regulates neurotransmitter production, as
specific gut bacteria either directly create serotonin, dopamine, and
GABA or change their precursors. For instance, particular strains of
Lactobacillus and Bifidobacterium have been identified to produce
GABA, while others modify tryptophan metabolism, influencing
serotonin levels. Diets rich in prebiotics and fermented foods can
increase the quantity of these beneficial microbes, perhaps
providing significant mental health benefits. In contrast, diets high
in saturated fats and simple carbohydrates diminish microbial
diversity and encourage the proliferation of pro-inflammatory
bacteria, contributing to disturbance of the gut-brain axis [22].

Neuroinflammation, neurotransmitter production, and the gut-
brain axis don’t act in isolation; they’re interrelated, generating a
complicated web through which nutrition affects mental health. For
example, diet-induced abnormalities in gut microbiota can enhance
neuroinflammation and impair neurotransmitter synthesis, whereas
inflammation can modify gut permeability and microbiota
composition. Understanding these associations provides a
framework for designing nutritional therapies suited to individual
needs, underscoring the need of personalized nutrition methods in
mental health care [23].

3. Personalized Nutrition

3.1. Scope of personalized nutrition in psychiatric care

Personalized nutrition in psychiatric treatment takes a targeted
approach, customizing dietary recommendations and interventions
to match each person’s unique genetic makeup, metabolic profile,
gut microbiome, and environmental factors. This approach
recognizes that the connection between what we eat and our
mental health varies significantly from person to person,
influenced by genetic variations, epigenetic changes, and the
diversity of microbes in our gut. These factors collectively shape
how individuals respond to different foods and how these
responses affect their mental well-being. By drawing on

breakthroughs in fields like nutrigenomics, metabolomics, and
microbiome research, personalized nutrition aims to maximize the
positive impact of diet on brain function and mental health [11].
The reach of individualized nutrition in mental health therapy
encompasses various strategies from identifying specific nutrient
deficiencies linked to particular disorders to crafting dietary plans
that positively influence neuroinflammation, neurotransmitter
production, and gut-brain communication. It also involves using
biomarkers to predict how someone might respond to certain
foods and integrating digital tools like AI to create adaptive,
personalized nutrition programs. This approach holds tremendous
promise for addressing the variability seen in psychiatric
conditions, where standard treatments often show inconsistent
results. Incorporating tailored dietary interventions into psychiatric
care offers potential for better symptom control, increased
treatment adherence, and stronger long-term mental resilience [24].

3.2. Key components

By integrating individual differences in genetics, epigenetics,
microbiome composition, and metabolic profiles, personalized
nutrition provides a complete foundation for understanding how
dietary treatments can affect mental health. This approach
recognizes that our unique physiological and genetic traits influence
how we respond to specific nutrients, allowing for individualized
dietary regimens that promote mental health advantages.
Nutrigenomics studies the relationship between nutrients and an
individual’s genetic composition, illustrating how genetic variations
alter nutritional responses and vulnerability to mental diseases. For
example, gene differences in neurotransmitter production or
metabolism, such as those affecting folate or serotonin pathways,
might drastically modify how specific diets affect mental health.
Understanding these genetic distinctions promotes the development
of dietary therapies that target specific biological systems, boosting
therapeutic outcomes in managing psychiatric diseases [25].

Epigenetics explores how environmental influences, like food,
regulate gene expression without modifying the DNA sequence.
Nutritional nutrients such as folate, vitamin B12, and polyphenols
influence epigenetic indicators, including DNA methylation and
histone acetylation. These alterations are critical for brain function,
neuroplasticity, and resilience to stress. In psychiatric diseases,
aberrant epigenetic patterns are widely observed and may be
repaired with dietary modifications to restore regular expression
and boost mental health results. The microbiome, playing a
vital role in the gut-brain axis, regulates the link between diet and
mental health. Microbial metabolites, especially SCFAs, impact
neuroinflammation, neurotransmitter production, and overall brain
function. Variations in microbiome composition, driven by dietary
choices, change these pathways and underline the need for
individualized microbiome-targeted nutritional treatments. For
instance, diets rich in prebiotics and probiotics may boost gut
microbial diversity, reduce inflammation, and improve mental
health outcomes in disorders like depression and anxiety [26].

Metabolomics complements these components by profiling the
biochemical changes occurring after meal consumption. This
research helps detect metabolic patterns connected with
neurotransmitter pathways, oxidative stress, and inflammation,
key components in psychiatric diseases. By evaluating an
individual’s metabolic profile, tailored nutritional therapy can
target particular biochemical abnormalities, enabling more
effective management of mental health difficulties. Recent
breakthroughs in genetic testing and genomic analysis have
considerably advanced the application of tailored nutrition in mental
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health treatment. These technologies allow the detection of gene variants
that alter dietary response, drug metabolism, and illness susceptibility.
Such insights give healthcare providers with data to maximize
treatment options, including pharmacological regimens and dietary
therapy suited to individual needs [27]. Similarly, personalized
nutrition leverages analogous technology to build nutritional programs
that correspond with an individual’s genetic, physiological, and
metabolic characteristics, paving the way for precision treatments in
controlling psychiatric diseases. Integrating nutrigenomics,
epigenetics, microbiome research, and metabolomics creates the
cornerstone of customized nutrition. These interwoven parts offer a
thorough understanding of the underlying links between nutrition and
mental health, creating the foundation for unique, tailored treatments
in psychiatric therapy [28]. Figure 2 illustrates the fundamental aspect
of customized nutrition, emphasizing that individuals possess distinct
physiological and genetic traits that affect their responses to specific
nutrients. This information highlights the importance of personalized
eating regimens corresponding with these individual biological
attributes to maximize mental health outcomes [29].

3.3. Genetic makeup and metabolism in dietary
responses and mental health

Genetic composition and metabolism together create distinct
reactions to diet that greatly affect mental health. The genes that
influence nutrient processing, neurotransmitter synthesis, and
cellular communication vary widely among persons, explaining the
various consequences of dietary alterations and highlighting the
need for tailored nutrition methods in mental health therapy.
Genetic variants are key to understanding these discrepancies.
Specific variants solid Pseudopapilary Neoplasms (SPNs) in genes
like methylenetetrahydrofolate reductase (MTHFR) and COMT
alter critical neurotransmitter pathways. For example, the MTHFR
C677T variant impairs folate metabolism, leading to increased
homocysteine levels linked to depression and cognitive difficulties.
Individuals with this mutation generally respond effectively to
specific folate supplementation that helps restore correct
methylation and neurotransmitter synthesis. Similarly, changes in
genes influencing serotonin synthesis, such as TPH2, can determine
whether eating tryptophan effectively boosts serotonin levels and
relieves depression symptoms [25].

Metabolism also determines how nutrition affects mental health
by controlling whether nutrients reach the brain and work properly
once there. Issues with glucose metabolism are widespread in mental
illnesses, with insulin resistance and aberrant brain energy utilization
typically reported. Low glycemic index meals can boost mental
health by regulating blood sugar and minimizing metabolic stress.
Fat metabolism is equally critical in regulating inflammation and
cell membrane function, both of which affect neurotransmission.
The APOE ε4 gene variation is associated with altered lipid
metabolism and an increased risk for cognitive impairment and
mood disorders. Adjusting dietary fat intake to coincide with a
person’s APOE profile may help attenuate these risks [30].

The relationship between genetics andmicronutrient metabolism is
critical for mental health. Deficiencies in B vitamins, magnesium, zinc,
and iron are common in psychiatric populations and are impacted by
hereditary and metabolic variables. Variations in vitamin D receptor
genes can impact the effectiveness of vitamin D supplementation for
depression. Similarly, changes in iron metabolism genes, such as
HFE, can lead to abnormalities in iron levels, which can influence
cognitive function and mood regulation. Personalized techniques that
combine genetic and metabolic knowledge can optimize micronutrient
supplementation for enhanced mental health outcomes [31].

Beyond individual gene effects, polygenic risk scores offer a
more comprehensive view by incorporating the influences of
several genetic variations associated with psychiatric diseases.
These scores can forecast individual dietary demands and
weaknesses. Individuals with a high hereditary predisposition for
depression might exhibit higher inflammatory reactions to poor
diets, making anti-inflammatory foods rich in omega-3s and
polyphenols particularly relevant. Metabolomics research exposes
distinct metabolic processes connected to psychiatric diseases.
Alterations in tryptophan metabolism, with increased activity in the
kynurenine pathway, are related to sadness and anxiety. Dietary
measures that shift tryptophan toward serotonin synthesis instead of
kynurenine may help ease symptoms. Metabolic testing can also
indicate abnormalities in fatty acids, amino acids, and antioxidants
that can be rectified with focused dietary adjustments [26].

Integrating genetic and metabolic information into nutrition
planning represents a transformational approach to mental health
care. Advances in nutrigenomics, metabolomics, and personalized
medicine allow us to identify individual variances in dietary
demands and build specific treatments. By understanding the
complicated links between genetic makeup, metabolism, and
nutrition, tailored dietary methods may increase the effectiveness
of mental health treatment, lessen the burden of illness, and
enhance the quality of life for persons with psychiatric illnesses.
Further study is needed to confirm these methodologies
across varied groups and refine how personalized dietary
recommendations are implemented in clinical practice [23].

4. Nutritional Epidemiology and Mental Health

4.1. Nutritional epidemiology and the diet–mental
health relationship

Nutritional epidemiology is a discipline that analyzes the links
between dietary patterns, nutrient consumption, and health
consequences within populations. It contributes to exploring the
connection between nutrition and mental health by identifying
linkages, underlying mechanisms, and potential cures. Nutritional
epidemiology gives insights into the impact of dietary habits on
the risk and development of psychiatric diseases by evaluating
complicated datasets from cohort studies, cross-sectional surveys,

Figure 2. Key aspects of personalized nutrition influencing
individual health and well-being
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and therapy trials. It also plays a significant role in identifying dietary
factors that reduce or worsen mental health concerns. Research has
frequently linked Mediterranean and anti-inflammatory diets to a
decreased risk of depression. Diets heavy in processed foods and
refined sugars are related to inferior mental health outcomes [32].
These findings underscore the relevance of dietary quality and
specific nutrient elements, such as omega-3 fatty acids, vitamins,
and polyphenols, in enhancing mental well-being. Nutritional
epidemiology permits examining how individual features, such as
genetic predispositions or lifestyle circumstances, affect the
relationship between nutrition and mental health. It provides a
framework for implementing targeted nutrition therapies and public
health policies that increase mental health resilience. By integrating
epidemiological data with new disciplines like nutrigenomics and
metabolomics, researchers can better grasp the delicate relationship
between food and mental health, paving the way for individualized
nutrition policies fit for varied populations [8].

4.2. Epidemiological evidence connecting diet and
psychiatric disorders

Epidemiological research has revealed extensive data tying diet
to the occurrence and progression of psychiatric diseases, giving
crucial insights into how nutritional patterns influence mental
health outcomes. Numerous population-based studies have
revealed that those adhering to diets rich in whole foods, such as
fruits, vegetables, whole grains, nuts, and fish, tend to have a
much-reduced prevalence of sadness, anxiety, and cognitive
impairment. These findings underline the preventative impact of
nutrient-dense diets like the Mediterranean and DASH, which are
rich in anti-inflammatory and neuroprotective compounds. On the
other hand, diets heavy in processed foods, trans fats, refined
sugars, and low-quality carbs have often been linked to an
increased risk of schizophrenia, mood disorders, and even
neurodegenerative illnesses. This shows that poor eating habits
may increase preexisting susceptibilities to mental health
difficulties. Long-term investigations further underscore the causal
influence of nutrition on mental health [33]. For example, research
tracking individuals over the years has shown that adherence to
Mediterranean or anti-inflammatory diets not only reduces the

probability of contracting depressive and anxiety disorders but
also mitigates the course of symptoms in those already unwell.
This shows that dietary therapies may work as preventive
measures and additional treatments to standard psychiatric
therapy. Deficiencies in specific nutrients have been linked to
increased oxidative stress, neuroinflammation, and impaired
neurotransmitter function – processes that are important in many
psychiatric diseases. These nutrients include antioxidants like
vitamin E and polyphenols, omega-3 fatty acids found in fish, and
B vitamins involved in homocysteine regulation (Figure 3) [34].

Epidemiological studies also demonstrate the intricate relationship
between diet and other modifiable factors such as lifestyle and
socioeconomic conditions. For example, studies have shown that low-
income groups experience a disproportionate amount of mental health
issues since there are fewer nutrient-dense meals available to them,
which exacerbates the psychological effects of food insecurity.
Similarly, cultural dietary habits and physical activity levels interact
with nutrition to affect mental health outcomes. Traditional diets rich
in unprocessed, nutrient-dense foods are commonly connected to
superior mental health outcomes, whereas Western dietary patterns
are correlated with a heightened risk of psychiatric diseases. Recent
research in nutritional epidemiology applies contemporary
approaches, including meal pattern analysis and biomarker tests, to
find complex correlations. These approaches enable researchers to
elucidate the synergistic effects of numerous nutrients and dietary
components, rather than concentrated individual nutrients, facilitating
a more comprehensive grasp of the diet–mental health relationship
[33]. Moreover, integrating genetic and microbiome data in
epidemiological research has begun to highlight how individual
variances in dietary responses can affect psychiatric outcomes,
permitting individualized nutrition in mental health treatment.

4.2.1. Omega-3 fatty acids and mental health
Neuronal membranes contain omega-3 fatty acids, particularly

docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA),
which are crucial for mental and cognitive health. These important
fatty acids retain membrane fluidity, regulate neuroinflammation,
and promote neurotransmitter signaling. An increasing amount of
evidence indicates that omega-3 fatty acids have preventative

Figure 3. Nutrition-driven mechanisms in the pathogenesis of mental disorders

Medinformatics Vol. 00 Iss. 00 2025

07



effects on depression, anxiety, and other psychiatric diseases.
Epidemiological studies suggest that cultures with high dietary
intake of omega-3-rich foods, such as fatty fish, display decreased
prevalence of depression and mood disorders. Randomized
controlled trials have demonstrated the efficacy of omega-3
supplementation, particularly EPA, in lowering depressive
symptoms, especially in patients with treatment-resistant depression.
The production of pro-inflammatory cytokines, such as IL-6 and
TNF-α, which are elevated in depressive illnesses, is known to be
suppressed by omega-3 fatty acids. Furthermore, DHA is necessary
for synaptic plasticity and cognitive function, suggesting its
potential benefits in lowering the risk of neurodegenerative illnesses
related to psychiatric disorders [35]. Despite these promising
findings, the proper dosage and ratio of EPA to DHA for mental
health benefits remain areas of current investigation. Genetic factors
that affect the metabolism of omega-3 fatty acids, such as
polymorphisms in the fatty acid desaturase gene cluster, may also
contribute to individual differences in supplementation responses.

4.2.2. B vitamins and mental health
All these functions, including neurotransmitter synthesis, energy

production, and methylation reactions that regulate the brain, require B
vitamins, particularly B6 (pyridoxine), B9 (folate), and B12

(cobalamin). A deficiency of these vitamins is frequently linked to
depression, cognitive deterioration, and various mental disorders.
Folate and B12 are crucial for maintaining sufficient homocysteine
levels, a neurotoxic and inflammatory molecule. Elevated
homocysteine levels, typically resulting from insufficient folate or
B12, are associated with depression and cognitive decline.
Supplementation with these vitamins has also been shown to
improve depressive symptoms, especially in patients with elevated
homocysteine or genetic anomalies influencing folate metabolism,
such as the MTHFR C677T polymorphism [35]. Neurotransmitters
such as serotonin, dopamine, and GABA are largely produced due
to the necessity for vitamin B6. Low B6 levels are linked to
decreased neurotransmitter production and, consequently, mood
swings and anxiety. B6 supplementation has also been studied as a
potential therapy for several conditions and has proven effective. B
vitamins clearly relate to mental health – there’s even evidence that,
when taken appropriately, they may reduce our risk of dementia and
Alzheimer’s. However, how well B vitamins promote mental health
may depend on baseline nutrition, genetics, and pathology [36].

4.2.3. Antioxidants and mental health
An imbalance between the production of reactive oxygen species

and the body’s antioxidant defenses is known as oxidative stress,
which is increasingly recognized as a contributing factor to mental
illnesses. Antioxidants, such as carotenoids, polyphenols, and
vitamins C and E, are essential for managing mental health because
they prevent oxidative damage and enhance brain function. Vitamin
C, a potent antioxidant, is crucial for synthesizing neurotransmitters
such as dopamine and norepinephrine. Low levels of vitamin C
have been linked to fatigue, depression, and cognitive impairment.
Supplementation has been shown to improve mood and reduce
anxiety in individuals with insufficient vitamin C levels. The lipid-
soluble antioxidant vitamin E also safeguards brain membranes
from oxidative damage and is associated with better outcomes in
conditions such as neurodegenerative diseases and depression [37].
Polyphenols in foods like berries, tea, and dark chocolate provide
neuroprotective benefits by reducing neuroinflammation, enhancing
synaptic plasticity, and modifying signaling pathways involved in
mood regulation. Flavonoids, a subclass of polyphenols, have
demonstrated promise in enhancing cognitive performance and

alleviating symptoms of sadness and anxiety in clinical trials.
Carotenoids, particularly lutein and beta-carotene, bolster the brain’s
antioxidant defenses. Studies have shown a link between higher
dietary intake of carotenoids and fewer symptoms of depression and
anxiety. Additionally, their anti-inflammatory properties may further
benefit mental health by mitigating the impact of chronic systemic
inflammation on brain function [38]. Specific nutrients, such as
omega-3 fatty acids, B vitamins, and antioxidants, play vital roles in
maintaining mental health by reducing neuroinflammation,
supporting neurotransmitter function, and protecting against
oxidative stress (Table 2). While dietary intake of these nutrients is
crucial, supplementation may offer therapeutic benefits, particularly
for those with deficiencies or heightened risk factors for psychiatric
disorders. Future research should aim to clarify the mechanisms
behind these effects and improve nutritional therapy tailored to
individual needs, paving the way for personalized nutrition
strategies in mental health care [39].

Table 2 gives an overview of significant epidemiological
research establishing the relationship between certain nutrients and
mental health, stressing the potential for tailored nutritional therapy.

5. Personalized Nutritional Interventions

5.1. Review of clinical trials and studies on dietary
interventions in psychiatric populations

Dietary approaches might also enhance standard treatments for
psychiatric disorders, according to clinical trials and studies of diet
in psychiatric patients. These treatments often focus on food
quality, adding nutrients or modifying dietary patterns, such as the
Mediterranean or anti-inflammatory diet. When tailored to patients’
needs, these treatments have been shown in RCTs to significantly
alleviate symptoms of disorders such as schizophrenia, anxiety, and
depression. One area of study is the consumption of omega-3 fatty
acids, most commonly EPA, which has been shown to reduce
depressive symptoms even in the absence of treatment. Experiments
involving other nutrients, including B vitamins, zinc, and
magnesium, have suggested varying degrees of effectiveness,
generally influenced by baseline deficiencies or genetic factors. The
pharmacological effects of folate and B12 supplements, for instance,
have proven effective for individuals with high homocysteine levels.

Whole-diet therapies, such as the Mediterranean diet, have also
gained significant interest. These trials often indicate improvements
in mood, reductions in anxiety, and enhanced cognitive function,
with long-term adherence linked to lasting effects. Mechanistic
studies suggest these effects may be mediated by reductions in
neuroinflammation, improvements in gut microbiota composition,
and enhanced neurogenesis. Despite these promising findings,
variation in study designs, sample demographics, and outcomes
remains an issue. Future research must focus on refining techniques,
integrating biomarkers, and discovering predictors of response to
nutritional interventions to develop effective, individualized
strategies for addressing psychiatric diseases.

5.2. Role of diet in managing specific psychiatric
disorders

Diet is essential for managing mental diseases by influencing
neuroinflammation, neurotransmitter function, and overall brain
health. In cases of depression, adherence to nutrient-dense diets,
such as the Mediterranean diet, has been shown to reduce
symptoms. Essential components like omega-3 fatty acids, B
vitamins, and antioxidants aid in mood regulation and lower
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oxidative stress. Randomized trials have demonstrated that dietary
modifications can enhance conventional treatments, particularly in
patients with poor baseline diets. For anxiety, the inclusion of foods
high in magnesium, zinc, and tryptophan has been associated with
reduced symptoms, potentially through their effects on the
hypothalamic-pituitary-adrenal axis and serotonin production.
Probiotic and prebiotic-rich foods that support gut health have also
shown promise in reducing anxiety by altering the gut-brain axis
[40]. In cases of schizophrenia, nutritional therapies targeting
deficiencies in nutrients such as omega-3 fatty acids and vitamin D
have been studied for their ability to improve cognitive performance
and alleviate unpleasant symptoms. Although nutritional
interventions are not standalone treatments, they offer potential as
supplementary measures to enhance overall mental health outcomes
in these populations. Emerging research underscores the necessity
for personalized nutrition therapies tailored to individual metabolic
and genetic profiles for optimal effectiveness [15].

5.3. Personalized nutritional interventions

Personalized nutritional solutions are being thoroughly
explored as supplementary techniques for treating psychiatric
illnesses, leveraging insights into individual genetic and metabolic
variances. This approach acknowledges that responses to food are
not uniform but are impacted by genetic variations, metabolic
variables, and microbiome composition. Case studies and clinical
trials have yielded significant data supporting the utility of
personalizing dietary therapy to these qualities, indicating their
capacity to benefit mental health outcomes [41].

5.3.1. Case study 1: MTHFR gene polymorphisms and folate
supplementation in depression

One of psychiatry’s most well-documented examples of a
personalized diet concerns the MTHFR gene, which plays a critical
role in folate metabolism and homocysteine management.
Individuals with the MTHFR C677T mutation often display reduced

enzyme activity, resulting in increased homocysteine levels and
altered methylation pathways critical for neurotransmitter synthesis.
Clinical research has shown that patients with this polymorphism
enjoy large improvements in depressive symptoms when treated with
L-methylfolate, the bioactive form of folate, compared to regular
folic acid. For instance, a study conducted on persons with
treatment-resistant depression indicated that increased L-methylfolate
supplementation boosted response rates and remission, particularly in
those with the C677T mutation. This underscores the significance of
genotyping in identifying individuals for targeted folate therapy,
enabling a personalized strategy to combating mood disorders [42].

5.3.2. Case study 2: omega-3 fatty acids and APOE genotypes
in cognitive decline

The apolipoprotein E (APOE) gene (APOE 4) is a known genetic
risk factor for dementia and Alzheimer’s, often connected to
neuroinflammation and lipid dysregulation. Omega-3 fatty acid
supplementation has also been advised for APOE 4 carriers with
poor omega-3 metabolism. In a randomized controlled experiment,
APOE 4 carriers fed with high doses of docosahexaenoic acid
(DHA) demonstrated reduced cognitive impairment and an
enhanced mood compared to those without supplementation. The
anti-inflammatory characteristics of omega-3 fatty acids and their
ability to modulate neuronal membrane fluidity could potentially
lessen the heightened inflammatory response in this gene cluster.
This example highlights the significance of genetic testing when
developing diets to improve emotional and cognitive well-being [43].

5.3.3. Case study 3: gut microbiota composition and probiotic
interventions in anxiety

The gut-brain axis is also crucial to mental health, and gut
microbiota dysbiosis is associated with anxiety and mood
disorders. Customized nutritional therapy based on gut microbiota
balance, including probiotics and prebiotics, lowered anxiety
symptoms. A study of patients with generalized anxiety disorder

Table 2. Summary of epidemiological studies linking specific nutrients to mental health outcomes

Nutrient Population studied Key findings Mental health outcomes

Omega-3 Fatty Acids Adults with depression Higher omega-3 consumption associated
with lower depressed symptoms; dose-
dependent impact seen.

Lower depression severity

B Vitamins
(e.g., B6, B12, Folate)

Elderly individuals Low levels of B vitamins associated with
cognitive impairment and higher risk of
depressive disorders.

Enhanced cognitive function;
lowered depression risk

Antioxidants
(e.g., Vitamin C, E)

General population High antioxidant consumption correlates
with lower stress and anxiety levels.

Lower anxiety and
stress symptoms

Zinc Adolescents with anxiety Zinc supplementation considerably
decreased anxiety symptoms compared
to placebo.

Reduce anxiety symptoms

Magnesium Adults with stress disorders Low magnesium levels linked to
heightened stress and poor mental
health effects.

Enhanced stress resilience

Polyphenols
(e.g., Flavonoids)

Middle-aged adults Regular consumption of polyphenol-rich
diets associated with enhanced mood
and cognitive flexibility.

Improved mood and cognitive
performance

Tryptophan Patients with insomnia Tryptophan supplementation boosted
serotonin synthesis, enhancing
sleep and mood.

Improved sleep quality and
mood regulation

Vitamin D Patients with seasonal
depression

Vitamin D supplementation lowered
symptoms of seasonal affective
disorder (SAD).

Lower SAD symptoms

Medinformatics Vol. 00 Iss. 00 2025

09



indicated a significant reduction in symptoms following a tailored
regimen of probiotic strains such as Lactobacillus rhamnosus and
Bifidobacterium longum. The therapy was devised using initial
microbiome data that revealed damage to these strains. Gains
were related to the synthesis of SCFAs and the regulation of the
HPA axis. Personalized probiotic drugs emphasize the potential
for microbiome characterization in creating food recommendations
for mental health care [44].

5.3.4. Case study 4: blood glucose regulation and low-
glycemic diets in bipolar disorder

Metabolic dysfunction, such as insulin resistance and poor glucose
regulation, is common in bipolar patients and has been linked to mood
changes. Individualized diets based on low-glycemic-index (GI) diets
have also been tried to regulate mood by modulating blood glucose
levels. A controlled trial randomized patients with bipolar disorder
and insulin resistance to a low-GI diet that fit their metabolic needs.
Such a diet dampened mood swings and increased energy due to the
normalization of glucose and insulin. The results highlight the
importance of including metabolic variables in individualized
nutrition strategies for mental health populations [45].

These case examples illustrate how personalized diet therapies
can help navigate the complex interaction between genes,
metabolism, and mental health. The treatment is tailored to each
patient’s genetic variant, metabolism, and microbiome, and

personalized nutrition is a practical approach to maximizing
mental health (Table 3). With the development of precision
medicine, nutrition in psychiatric care may alter the way mental
illness is treated, allowing for more targeted and effective
interventions. Future work should aim to develop such methods,
utilizing emerging technologies (e.g., genome sequencing and
metabolomics) to make them even more precise and effective [46].

Table 3 includesmultiple case studies illustrating howpersonalized
dietary regimens, informed by individual genetic and metabolic profiles,
can be applied to manage and enhance mental health concerns. These
methods involve personalized nutrition and supplements to address
specific metabolic pathways implicated in each disease.

5.4. Digital approaches for dietary planning

Advancements in digital health technologies have transformed
dietary planning by integrating AI, machine learning, mobile health
applications, and personalized nutrition platforms. AI-driven dietary
recommendation systems analyze an individual’s genomic,
metabolic, and behavioral data to create tailored nutritional plans
to enhance mental health outcomes. Mobile health (mHealth)
applications utilize real-time food intake, physical activity, and
psychological well-being tracking to offer adaptive dietary
recommendations. Machine learning algorithms are essential in
predicting nutrient deficiencies, optimizing meal plans, and
recognizing nutritional patterns linked to psychiatric disorders

Table 3. Examples of tailored dietary strategies for depression, anxiety, and schizophrenia based on genetic/metabolic profiles

Condition Genetic/Metabolic profile Tailored dietary strategy Outcome/effect

Depression Polymorphisms in MTHFR
(methylenetetrahydrofolate
reductase) gene influencing folate
metabolism

High-dose folate supplementation and
B vitamins (B6, B12) boost
methylation pathways and supports
serotonin production.

Significant reduction in depression
symptoms, better mood, and
cognitive function.

Anxiety Low serum omega-3 levels and
COMT (catechol-O-
methyltransferase) gene
polymorphism

Omega-3 fatty acid supplementation,
particularly EPA (eicosapentaenoic
acid), may boost neurotransmitter
control and reduce anxiety.

Decreased anxiety symptoms and
better stress resilience.

Schizophrenia Genetic variations in the BDNF
(brain-derived neurotrophic factor)
gene associated with brain plasticity

Antioxidant-rich diet (e.g., high in
flavonoids, vitamin E) to battle
oxidative stress and enhance brain
function.

Improved cognitive function and
fewer psychotic symptoms in
schizophrenia.

Depression Variations in the serotonin transporter
(SLC6A4) gene impacting serotonin
uptake

Tryptophan-rich diets and
supplementation to enhance
serotonin levels, along with
magnesium supplementation to
promote mood control.

Significant mood improvements and
fewer depression episodes.

Anxiety Microbiome dysbiosis and gut-brain
axis imbalances

Probiotic and prebiotic
supplementation to restore
microbial balance, together with a
fiber-rich diet, to improve gut
health.

Reduced anxiety symptoms and
increased gut health, leading to
better mental stability.

Schizophrenia Elevated homocysteine levels due to
poor folate metabolism

Folate and B12 supplements to lower
homocysteine levels and support
neuronal function, complementing a
low-inflammatory diet.

Decreased intensity of schizophrenia
symptoms and improved cognitive
outcomes.

Depression/Anxiety Genetic variations in the FKBP5 gene
regulating stress response

High-magnesium diet paired with
omega-3s to control stress response
and lower cortisol levels.

Reduced anxiety and depressed
symptoms, increased stress
resilience.

Schizophrenia Genetic mutations in the DRD2
(dopamine receptor D2) gene
regulating dopamine signaling

A diet high in zinc and antioxidants
to modify dopamine receptor
sensitivity and protect against
neuroinflammation.

Reduced psychotic symptoms and
enhanced cognitive function.
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[46]. Wearable devices and smart sensors further improve these
methods by monitoring biomarkers such as glucose levels, heart
rate variability, and gut microbiome composition, enabling more
data-driven and personalized dietary interventions. Moreover,
decision-support tools powered by AI help clinicians and
nutritionists design evidence-based, individualized nutritional
plans for patients with mental health conditions. Big data analytics
integrated with electronic health records facilitate population-wide
assessments of dietary habits, contributing to precision nutrition
strategies. These digital approaches enhance dietary adherence and
engagement and provide scalable, cost-effective solutions for
managing psychiatric disorders through personalized nutrition
interventions [47].

6. Challenges in Implementing Personalized
Nutrition

Applying personalized nutrition in clinical practice represents an
important advance in health care, delivering more accurate medicines
associated with individual genetic, metabolic, and environmental
profiles. However, despite its potential, the transition from research
to widespread implementation is fraught with challenges and
limitations. These include barriers to integration into therapeutic
workflows, variability in individual dietary responses, and ethical
issues surrounding equitable access and data usage [48].

6.1. Barriers to translating personalized nutrition
into clinical practice

One of the primary issues in implementing customized nutrition
is translating complicated scientific knowledge into practical, scalable,
and cost-effective therapies. Current healthcare infrastructures are
not designed to accommodate the latest technologies and
various information required for customized nutrition. For example,
incorporating genetic testing, microbiome analysis, and
metabolomics into routine care entails significant expenditures in
resources, training, and integration with existing medical systems.
Moreover, most healthcare providers lack the professional
knowledge to evaluate genetic and metabolic data. This gap
underscores the need for collaboration between doctors, dietitians,
geneticists, and data scientists. Without such interdisciplinary
efforts, the implementation of customized nutrition remains
fragmented and inaccessible to the larger community. Financial
expense is another key impediment. Investing in sophisticated
diagnostics and tailored nutritional therapy typically makes them
available only to affluent populations, worsening health disparities.
For customized nutrition to become mainstream, cost-reduction
methods and policies subsidizing these services are essential [49].

6.2. Variability in dietary responses and the need
for individualized approaches

Human dietary responses naturally vary and are influenced by
genetic polymorphisms, gut microbiota composition, lifestyle, and
environmental variables. For example, individuals with specific
genetic variations in lipid metabolism-related genes may respond
differently to high-fat diets than those without similar variations.
Likewise, gut microbial diversity significantly impacts how
nutrients are absorbed and utilized. This variation poses a
challenge to crafting universally successful personalized feeding
regimes. While prediction algorithms utilizing extensive datasets
show promise, they often lack the specificity to address individual
differences. As a result, interventions that might be effective for

one person could have limited or negative effects on another.
Furthermore, nutritional therapies require long-term adherence to
achieve meaningful changes. However, adherence can be affected
by cultural preferences, economic factors, and personal efficacy
assessments. Therefore, personalized nutrition planning must
balance scientific accuracy with practical feasibility, employing
behavioral strategies to improve compliance [50].

6.3. Ethical considerations, including access to
personalized care

The ethical concerns of personalized nutrition are enormous,
mainly addressing access, privacy, and equity. One key concern is
the potential for these measures to aggravate health disparities.
Advanced diagnostic techniques and tailored diets are generally
prohibitively expensive, limiting their access to affluent individuals.
This mismatch risks producing a two-tiered healthcare system, where
tailored care becomes a luxury rather than a routine practice. Privacy
concerns may arise from collecting and retaining sensitive data,
including genomic information and dietary patterns. Ensuring such
data’s confidentiality and safe treatment is crucial, especially given
rising worries about data abuse and breaches [51]. Policies that
respect individual rights and specify explicit data-sharing criteria are
vital to creating confidence and encouraging participation.
Furthermore, ethical difficulties surround the commercialization of
personalized nutrition. The increased engagement of private firms in
genomic testing and nutritional analytics raises worries about profit-
driven ambitions overshadowing scientific rigor and patient welfare.
Transparency in the process and evidence underpinning specific
concepts is crucial to prevent the growth of pseudoscientific claims.
Finally, defining “personalized” treatment poses cultural and ethical
difficulties. Dietary advice occasionally overlaps with deeply
ingrained cultural behaviors and attitudes. Personalized nutrition
techniques must respect and use these cultural traits to avoid
alienating specific communities and ensure inclusivity [52].

7. Future Directions and Research Opportunities

Future directions in personalized nutrition for mental health
necessitate a robust concentration on multidisciplinary research
encompassing biomedicine, nutritional science, and psychiatry.
This confluence is crucial for understanding the complicated links
between nutrition, genetic predispositions, and mental health. For
instance, teamwork throughout several professions may show how
specific foods influence neurochemical pathways and how dietary
responses are shaped by a person’s genetic or epigenetic profile.
Such integrated research has potential for giving more precise,
evidence-based solutions adapted to individual needs [53].
Emerging technologies are set to transform customized nutrition
by delivering more detailed evaluations and suggestions. Artificial
intelligence, for example, may review enormous volumes of data
from genetic, metabolomic, and microbiome research to provide
tailored food choices that boost mental health results. Microbiome
research is exciting, shining light on the gut-brain axis and its
participation in mood regulation. Integrating wearable devices and
digital health platforms further augments the capacity to monitor
adherence and dynamically adjust dietary recommendations,
making interventions more effective and accessible [54].
Promoting public health measures that emphasize the role of
nutrition in mental health is also vital. Campaigns to increase
awareness about the connection between nutrition and mental
well-being could help mitigate stigma and encourage preventive
strategies. Meanwhile, policies must focus on providing equitable
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access to targeted nutrition, especially in disadvantaged regions.
Expanding research into individualized mental health treatments
will help bridge the gap between science and practice, enhance
clinical outcomes, and foster a more equitable mental health
system [55].

The pyramid of evidence levels serves as a fundamental structure
in medical research to assess the trustworthiness of scientific results and
their therapeutic usefulness. At the pinnacle of the pyramid, systematic
reviews and meta-analyses of RCTs supply the most substantial
evidence, delivering robust findings based on well-controlled
research. Conversely, observational studies, case reports, and expert
opinions, which sit in the lowest tiers, are more susceptible to biases
and confounding variables, preventing their inclusion into evidence-
based therapy guidelines [56]. Most investigations on AI-assisted
dietary therapy for psychiatric illnesses often fall within these lower
levels of evidence, relying on observational designs, pilot studies, or
small-scale trials. While these investigations yield valuable insights,
they lack the methodological rigor necessary for strong clinical
recommendations [57]. As a result, AI-driven food interventions for
mental health remain underrepresented in formal therapy guidelines.
To overcome this gap, there is an urgent need for future RCTs and
meta-analyses to investigate the efficacy and repeatability of
AI-based dietary interventions systematically. By showing causal
correlations and collecting statistically accurate data, such research
would increase the scientific credibility and therapeutic value of
AI-assisted nutritional techniques in psychiatric care. Integrating this
hierarchical strategy to evidence review into psychiatric nutrition
research exposes the present limitations of dietary interventions in
mental health care, stressing the requirement for more rigorous, high-
quality investigations. Strengthening the evidence base through well-
designed clinical trials will be crucial in encouraging AI-driven
dietary interventions as practical components of precision psychiatry
and tailored nutrition programs [57].

8. Conclusion

In conclusion, the implications of customized nutrition in the
context of psychiatric care demonstrate its revolutionary promise
in addressing the complex connection between diet and mental
disease. This review provides research that relates individual
nutrients, eating habits, and specialized interventions to improved
outcomes in the treatment of psychiatric diseases, including
depression, anxiety, schizophrenia, and bipolar disorder. A
molecular perspective on neuroinflammation, neurotransmitter
synthesis, and the gut-brain connection provides a biological basis
for understanding the significance of customized diets in mental
health. Science on nutrigenomics, epigenetics, and the
microbiome also emphasizes the necessity of accuracy concerning
food and the need for customized interventions. Customized
nutrition is a viable strategy to revolutionize psychiatric care by
shifting away from generic dietary guidelines toward genetic,
metabolic, and lifestyle-dependent approaches. The studies and
case reports indicate that treatments targeting specific biomarkers
– MTHFR polymorphisms, gut microbiota levels – can enhance
mental health outcomes. However, limitations such as food
unpredictability, barriers to clinical translation, and questions of
access and justice must be overcome to realize its full potential.
This highlights a potential role for customized nutrition in
psychiatric care, offering a method to bring diet to the forefront of
holistic mental health therapy. Making interventions customized,
personalized nutrition increases therapeutic effectiveness and
empowers patients to engage more actively in their mental health
care. As science and technology improve, tailored nutrition in

regular psychiatric treatment could transform mental health care
by becoming more precise, efficient, and person-centered.
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