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Abstract

Depression is a prevalent and disabling psychiatric disorder, characterized by persistent
disturbances in mood, cognition, and physiological processes, which collectively lead to
substantial impairments in daily functioning and quality of life. This review provides a
comprehensive overview of the biological mechanisms implicated in the pathophysiology
of depression, including neurotransmitter dysregulation, oxidative stress, inflammatory
processes, hypothalamic-pituitary-adrenal (HPA) axis dysfunction, mitochondrial impair-
ment, and alterations in the gut-brain axis. Furthermore, it explores the role of diet in
both the prevention and management of depression, with particular emphasis on Mediter-
ranean, anti-inflammatory, and ketogenic dietary patterns, while contrasting these with
the detrimental impact of a Western dietary pattern. Specific nutrients-such as n-3 polyun-
saturated fatty acids (PUFAs), B-complex vitamins, vitamins D and E, zinc, selenium, and
polyphenols-are highlighted for their potential roles in modulating neurotransmission,
attenuating inflammation, and supporting gut microbiota homeostasis. Despite growing
scientific interest in nutrition-based interventions, current evidence on the comparative
efficacy of different dietary approaches remains limited. Future research is warranted
to elucidate the therapeutic potential of dietary strategies as adjuncts to conventional
treatments for depression and to facilitate the development of evidence-based nutritional
recommendations for clinical practice.

Keywords: depression theories; gut microbiome; Mediterranean diet; anti-inflammatory
diet; ketogenic diet; Western diet

1. Introduction
Depressive disorders represent one of the most prevalent psychiatric conditions world-

wide. According to the International Classification of Diseases, 11th Revision (ICD-11),
they are defined by the presence of depressed mood or loss of pleasure, accompanied
by a constellation of cognitive, emotional, and somatic symptoms that result in clinically
significant distress or impairment across personal, social, educational, occupational, and
other domains of functioning. The World Health Organization estimates that approximately
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280 million individuals are currently affected by depression, with the disorder contributing
to nearly 700,000 deaths annually and ranking as the fourth leading cause of mortality
among individuals aged 15–29 years [1]. In Poland, data from the National Health Fund
indicate that nearly 1.2 million individuals are living with depression [2].

Depression profoundly impacts thoughts, emotions, behavior, and overall well-
being [3]. Clinically, it is characterized by a persistently depressed or deteriorating mood,
anhedonia, reduced concentration, fatigue, diminished psychomotor activity, sleep distur-
bances, and frequently low self-esteem [4,5]. According to the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5), a major depressive episode is diag-
nosed when an individual experiences a depressed mood or loss of interest/pleasure for
at least two weeks, in combination with additional psychological or somatic symptoms,
resulting in a marked decline from previous functioning [6].

The etiology of depressive disorders is increasingly recognized as multifactorial and
complex. While neurotransmitter dysregulation plays a central role, other mechanisms
include disturbances of the gut-brain axis mediated by intestinal dysbiosis, HPA axis
dysfunction, chronic oxidative stress, increased inflammatory activity, and mitochondrial
impairment [7–12]. Risk factors encompass both genetic predispositions and environmental
influences. Social determinants, such as isolation, lack of supportive relationships, and per-
sistent interpersonal stress, are strongly associated with elevated risk and greater severity
of depression [13]. Emotional regulation difficulties, including maladaptive rumination
and emotional suppression, may exacerbate symptomatology and impede recovery [14].
Moreover, behavioral factors such as reduced engagement in rewarding activities, seden-
tary lifestyle, and disrupted sleep patterns further contribute to the onset and persistence of
depressive episodes. Psychosocial interventions targeting these domains may significantly
enhance treatment outcomes [15].

Management of depression requires an integrative approach that combines pharma-
cotherapy, psychotherapy, and lifestyle modifications, including structured physical activity
and dietary interventions. Pharmacological treatments, most commonly based on antide-
pressants such as selective serotonin reuptake inhibitors (SSRIs) and monoamine oxidase
inhibitors (MAOIs), act by modulating neurotransmitter availability [16]. Psychotherapeu-
tic approaches-particularly cognitive behavioral therapy (CBT) and interpersonal therapy
(IPT)-help patients restructure maladaptive cognitions and improve social functioning [17].

Growing attention is directed toward the role of diet in the prevention and manage-
ment of depression. Epidemiological and clinical studies suggest that dietary patterns can
influence both the risk of developing depression and the course of the disorder in affected
individuals [18]. Nutrients such as n-3 PUFAs, B vitamins, magnesium, zinc, and antioxi-
dants are of particular relevance due to their capacity to modulate neurotransmission and
attenuate systemic inflammation. Diets characterized by high intakes of plant-based foods
(vegetables, fruits, legumes) and fish appear to exert protective effects, whereas dietary
patterns rich in highly processed foods are associated with elevated risk [19].

Although prior research has predominantly focused on individual nutrients or single
dietary patterns, few studies have directly compared multiple dietary approaches in the
context of depression. This review seeks to address this gap by systematically analyzing
and contrasting different dietary patterns, with the aim of identifying those that may
provide the most effective preventive and therapeutic benefits. By synthesizing current
evidence, the review not only summarizes existing findings but also evaluates their relative
efficacy, thereby offering a hypothesis-driven perspective that extends beyond prior general
overviews. For greater clarity, we have included a PRISMA-style flow diagram (Figure 1),
table summarizing the inclusion and exclusion criteria (Table 1), tables of randomized
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controlled trials (RCTs) (Table 2) and summary table illustrating the impact of different
type of diets on depressive disorders (Table 3).

Identified articles n=384

Records after 
duplicates 

removed n=360

Records screened 
n=345

Full-text articles 
assessed n=302

Studied included 
n=264

Figure 1. PRISMA-style flow diagram.

Table 1. Inclusion and exlusion criteria.

Inclusion Criteria Exlusion Criteria

1. Randomized controlled trials (RCTs) conducted in adult populations,
assessing dietary or supplementation interventions.
2. Studies reporting outcomes related to depressive symptoms or mood,
measured with validated scales (in clinical depression or other
populations).
3. Studies providing a reliable description of results.
4. Meta-analyses.
5. Review articles.
6. Studies published in Polish or English

1. Studies not reporting outcomes
related to mood or depression.
2. Studies conducted in
pediatric populations.
3. Studies without a control or
placebo group.
4. Studies published in languages other
than English or Polish

Explicit search strategy:
The databases PubMed, Embase, Web of Science, Scopus, MEDLINE, and Cochrane

CENTRAL were searched up to August 2025. The search was limited to publications in
Polish and English. Keywords were used including: ‘depression’ OR ‘depressive disorder’
OR ‘mood’ OR ‘mental health’ AND ‘oxidative’ OR ‘inflammatory’ OR ‘vitamin B’ OR
‘vitamin D’ or ‘vitamin E’ OR ‘mitochondria’ AND ‘mediterranean’ OR ‘ketogenic’ OR
‘vegetarian’ OR ‘western’ AND ‘gut microbiome’ AND ‘monoamine’ AND ‘HPA axis’ AND
‘randomized controled trial’ AND.

Table 2. Randomized Controlled Trials table (RCT).

Intervention Studies Population Duration (Range) Main Findings

Dietary
improvement
(SMILES trial)

[19] Adults with major
depression 12 weeks Improved depressive

symptoms vs. control

Zinc + imipramine [20] Patients with depression 6 weeks Zinc enhanced
antidepressant response

Selenium [21] Healthy adults 6 weeks Mood improvement

Coenzyme Q10 [22] Patients with bipolar
depression 8 weeks Improvement in depressive

symptoms

Folate [23] Individuals with
depression Protocol only RCT planned; no results

reported

n-3 PUFAs [24] Patients with
depression + CVD 12 weeks Improvement in depressive

symptoms in omega-3 group

Anti-inflammatory
dietary education [25] Depressed breast cancer

patients on chemotherapy 12 weeks Reduction in depressive
symptoms

Vitamin D [26] Patients with depression 8 weeks
Improvement in depressive
symptoms and
neurotransmitter levels
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Table 2. Cont.

Intervention Studies Population Duration (Range) Main Findings

Resveratrol
(±piperine/+equol) [27–29]

Healthy adults;
menopausal and
postmenopausal women

28 days–14 weeks
Improved cognition, cerebral
blood flow, quality of life,
and mood

Curcumin (incl.
add-on therapy) [30,31] Patients with major

depression 6–8 weeks
Significant or additional
improvement in depressive
symptoms

Table 3. Role of various type of diets in depressive disorders.

Aspect Mediterranean Anti-
Inflammatory Ketogenic Western Vegetarian

Influenced
mecha-
nism

Anti-inflammatory,
supports
neurotransmission,
gut microbiota

Lowers pro-
inflammatory
cytokines,
antioxidant
effects

Ketone bodies,
GABA
modulation,
mitochondrial
support

Promotes
inflammation,
oxidative stress,
HPA
dysregulation

High antioxidants,
risk of B12, iron, n-3
deficiencies

Products
Olive oil, vegetables,
fish, nuts, whole
grains

Fatty fish, nuts,
fruits, vegetables,
tea, turmeric

High-fat
(avocado, nuts,
oils), moderate
protein, low-carb
vegetables

Fried/processed
foods, sugary
drinks, sweets

Legumes,
vegetables, fruits,
nuts, whole grains;
dairy/eggs
(lacto-ovo), fish
(pesco)

Biological
effects

Reduces
inflammation,
improves
neurotransmitter
synthesis

Reduces
oxidative stress,
improves mood

Enhances mood
stability, reduces
anxiety/
depression-like
behaviors

Increases
depression risk,
reduces
hippocampal
plasticity

May reduce
inflammation;
deficiencies can
increase risk

Clinical
evidence

Cohort and RCTs
show lower
depression risk and
symptoms

Small trials show
symptom
improvement

Animal and early
human studies
show benefit

Consistently
linked to higher
risk of
depression

Mixed results: some
cohorts show lower
risk, others higher

Future
research

Longitudinal and
supplementation
trials (vitamin D,
B12, omega-3)

Larger RCTs on
polyphenols,
vitamins D/E;
combination
strategies

Long-term safety,
efficacy,
mechanistic
studies in
humans

Human
intervention
studies to clarify
causality

Clarify impact of
nutrient deficiencies;
long-term trials

2. Monoamine Theory of Depression
The monoamine theory remains one of the principal hypotheses explaining the patho-

physiology of depression. It postulates that deficits in monoamine neurotransmitters,
such as serotonin (5-HT), dopamine (DA), and norepinephrine (NE), underlie depressive
symptomatology. However, this model does not fully account for the neurobiological and
molecular complexity of depression nor does it adequately explain the mechanisms of
action of psychotropic drugs [32].

5-HT is synthesized from dietary tryptophan via the intermediate metabolite 5-
hydroxytryptophan in the dorsal raphe nucleus. This process is highly dependent on
plasma tryptophan availability, which is influenced by nutritional intake [33]. In individu-
als with an increased risk of developing depression, tryptophan restriction or deficiency
can exacerbate or trigger symptoms [34,35]. The 5-HT hypothesis emphasizes reduced
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serotonergic transmission, accompanied by receptor dysregulation-upregulation of 5-HT2
receptors and downregulation of 5-HT1A receptor expression and sensitivity-resulting in
impaired postsynaptic signaling [36]. Depressed individuals frequently exhibit decreased
serum 5-HT and plasma tryptophan levels, along with altered concentrations of 5-HT
metabolites (e.g., 5-hydroxyindoleacetic acid (5-HIAA)) in cerebrospinal fluid [37]. While
serotonergic antidepressants such as tricyclic antidepressants (TCAs), SSRIs, and serotonin-
norepinephrine reuptake inhibitors (SNRIs) aim to enhance synaptic 5-HT availability, their
efficacy may be influenced by nutritional status, particularly levels of vitamin B6, folate,
and iron, which act as essential cofactors in 5-HT biosynthesis [38].

NE synthesis begins with dietary phenylalanine, which is converted to tyrosine,
then to DA, and subsequently to NE via dopamine β-hydroxylase. Low activity of this
enzyme, often associated with stress, shifts catecholamine synthesis toward DA rather
than NE [39]. Noradrenergic dysfunction in depression includes reduced norepinephrine
transporter (NET) density and increased α2-adrenergic receptor expression in the locus
coeruleus [40,41]. Adequate biosynthesis of NE requires not only precursor amino acids but
also vitamin C and copper as enzymatic cofactors, and deficiencies may contribute to im-
paired neurotransmission and diminished response to noradrenergic antidepressants [39].

DA plays a pivotal role in attention, motivation, reward, motor function, and emo-
tional regulation [42]. The e hypothesis arose from observations linking psychomotor
retardation in depression to reduced dopaminergic activity [43]. Chronic stress disrupts
reward-related circuits, contributing to fatigue and anhedonia [44]. Lower levels of DA
metabolites in cerebrospinal fluid have also been reported in depressed patients [45]. As
with other monoamines, DA synthesis depends on adequate dietary tyrosine and enzymatic
cofactors, including vitamin B6 and iron; deficiencies in these nutrients may perpetuate
dopaminergic dysregulation.

Other neurotransmitters, including γ-aminobutyric acid (GABA), glutamate, and his-
tamine, are increasingly recognized in depression pathophysiology [46,47]. Histamine,
synthesized in tuberomammillary neurons, influences arousal, cognition, and stress regula-
tion. Through interactions with H3 and H4 receptors, histamine modulates serotonergic,
dopaminergic, and noradrenergic signaling. Preclinical studies suggest that stress and
inflammation alter histaminergic tone, and H3 receptor antagonists may exert antidepres-
sant effects by restoring neurogenesis. SSRIs may also modulate histamine dynamics,
underscoring possible interplay between antidepressant mechanisms and histaminergic
signaling [48].

Despite its historical prominence, the monoamine theory has faced increasing criticism.
Antidepressants developed under this model are limited by delayed onset of therapeutic
effects, treatment resistance, and their inability to explain the primary causes of neuro-
transmitter imbalance. For example, Moncrieff et al. (2023) reviewed 5-HT-related research
and reported insufficient evidence linking depression to reduced 5-HT levels or activity,
thereby questioning the rationale for widespread antidepressant use. However, these
conclusions have been contested due to methodological concerns and misinterpretations of
pharmacological and neuroimaging data [49].

Nevertheless, monoamines are implicated in broader neurobiological processes be-
yond neurotransmission. They regulate microglial activation, cytokine release [50], synap-
tic plasticity, brain-derived neurotrophic factor (BDNF) signaling, and HPA axis activity
through glucocorticoid receptor modulation [51]. Chronic monoamine deficiency may
impair neuroprotection, reduce hippocampal neurogenesis [52], and attenuate BDNF sig-
naling [53]. In addition, it may destabilize HPA axis feedback, exacerbate cortisol-induced
neurotoxicity, and promote neuronal injury, all of which contribute to the development and
persistence of depression [54].
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3. The Oxidative Theory of Depression
The oxidative stress hypothesis of depression proposes that a chronic imbalance be-

tween the excessive generation of reactive oxygen species (ROS) and the efficiency of antioxi-
dant defense mechanisms contributes to neuronal damage and depressive symptomatology.
Oxidative stress disrupts the integrity of lipids, proteins, and DNA within the central
nervous system, thereby impairing synaptic transmission, weakening neuroplasticity, and
disturbing neurotransmitter signaling pathways [55–57]. Oxidative stress is defined as an
imbalance between ROS production and the organism’s antioxidant capacity. Two principal
defense systems are responsible for ROS elimination: non-enzymatic antioxidants, includ-
ing vitamins C and E, coenzyme Q10, carotenoids, glutathione, and trace elements; and
enzymatic antioxidants such as superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), glutathione reductase (GR), and glutathione S-transferase (GST) [58–61].
ROS exert their detrimental effects through mechanisms such as lipid peroxidation, protein
oxidation, and mitochondrial dysfunction. For instance, lipid peroxidation, particularly
of polyunsaturated fatty acids, has been extensively documented [62]; protein oxidation
disrupts enzymatic homeostasis [63]; and oxidative modifications of mitochondrial proteins
impair energy metabolism [64]. The brain is particularly vulnerable to oxidative injury
due to its high oxygen demand, abundance of polyunsaturated fatty acids, presence of
redox-active transition metals, and relatively limited antioxidant defenses [65]. Clinical
studies support this hypothesis: patients with depression demonstrate elevated levels of
malondialdehyde (MDA), a biomarker of lipid peroxidation, with higher concentrations
observed in recurrent versus first-episode depression [10,66]. Similarly, 8-iso-prostaglandin
F2α, a marker of arachidonic acid peroxidation, and 8-oxoguanine, indicative of oxidative
DNA damage, have been reported at increased levels in depressed individuals [67,68].
Deficits in antioxidant defenses further support this theory. Patients with depression ex-
hibit decreased concentrations of zinc, glutathione, coenzyme Q10, and vitamins A, C, and
E, alongside increased activity of pro-oxidant enzymes such as xanthine oxidase [69–71].
Zinc, an essential cofactor for antioxidant enzymes such as SOD, has been consistently im-
plicated; a meta-analysis revealed that peripheral zinc levels are, on average, 1.850 µmol/L
lower in depressed patients compared with controls [72,73]. Reduced zinc levels correlate
with symptom severity and impaired glutamatergic regulation in the hippocampus and
cortex, thereby compromising neuroplasticity and cognitive function [20,74–80]. Selenium
is another critical component of antioxidant defense, primarily through its role in GPx
activity and the regeneration of vitamins C and E [81]. Clinical trials have demonstrated
that selenium supplementation improves mood and reduces anxiety, whereas selenium
deficiency is associated with increased depressive symptoms [21,82–85]. However, both
insufficient and excessive selenium levels may disrupt oxidative-inflammatory balance,
with low selenium correlating with elevated pro-inflammatory cytokines such as IL-6 and
CRP [86–89]. Moreover, selenium modulates dopaminergic, serotonergic, and noradren-
ergic systems, highlighting its multifaceted role in depression [90,91]. Emerging interest
has focused on antioxidant-based interventions. Ebselen, an organoselenium compound
with GPx-mimetic activity, demonstrates antioxidant and neuroprotective properties by in-
hibiting inositol monophosphatase (IMPase) and modulating glutamatergic signaling [92].
However, in clinical studies of treatment-resistant depression, ebselen did not produce
significant improvements in depressive symptoms [93]. In summary, oxidative stress ap-
pears to play a central role in the pathophysiology of depression. While evidence supports
the association between oxidative damage, reduced antioxidant defenses, and depressive
symptoms, the therapeutic efficacy of antioxidant-based strategies remains inconclusive.
Future long-term, well-controlled trials are necessary to clarify the clinical relevance of
targeting oxidative stress in depression.
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4. The Inflammatory Theory of Depression
The inflammatory hypothesis of depression proposes that activation of the immune sys-

tem contributes to the onset and progression of depressive disorders. Patients with depres-
sion frequently exhibit increased numbers of circulating neutrophils, macrophages, and T
lymphocytes, along with elevated plasma levels of prostaglandin E2 and pro-inflammatory
cytokines, including interleukin IL-1β, IL-6, interferon-γ (IFN-γ), and tumor necrosis
factor-α (TNF-α) [94,95]. The link between immune dysregulation and depression was
first highlighted by Maes in 1999, who demonstrated associations between depressive
symptomatology and immune activation [96]. Subsequent studies have confirmed a higher
prevalence of depression in conditions characterized by acute or chronic inflammation,
such as autoimmune and infectious diseases [11,97]. Pro-inflammatory cytokines exert
multiple effects relevant to depression pathophysiology. Elevated cortisol levels, secondary
to cytokine activity, can impair hippocampal function and disrupt neuroendocrine bal-
ance [98]. Cytokines also influence neurotransmitter metabolism by enhancing indoleamine
2,3-dioxygenase (IDO) activity, which diverts tryptophan metabolism from 5-HT synthe-
sis toward the kynurenine pathway. This process increases the production of neurotoxic
metabolites such as quinolinic acid, thereby reducing serotonergic signaling and exac-
erbating depressive symptoms [99,100]. Inflammatory activity additionally contributes
to cognitive dysfunction in depression. Elevated cytokine levels have been associated
with deficits in attention, memory, and executive functioning, likely mediated through
impaired neuroplasticity, increased oxidative stress, and subsequent neuronal injury [99].
Moreover, chronic inflammation decreases the expression of BDNF, further weakening
synaptic plasticity and reducing the adaptive capacity of neural circuits involved in mood
regulation [101].

5. The Role of Mitochondria in Maintaining Oxidative-Inflammatory
Balance in the Body

Mitochondria are the primary energy-generating organelles in eukaryotic cells, pro-
ducing adenosine triphosphate (ATP) via oxidative phosphorylation. This function is partic-
ularly critical in the brain, which exhibits high energy demand and contains large numbers
of mitochondria localized within dendrites and synapses. A single cortical neuron at rest
is estimated to consume approximately 4.7 billion ATP molecules per second [102–104].
Beyond energy metabolism, mitochondria regulate apoptosis and act as major sources
of ROS, thereby playing a central role in cellular redox balance. Growing evidence sug-
gests that mitochondrial dysfunction contributes to the pathogenesis of depression [12].
Individuals with depression frequently display impaired bioenergetics, reflected in re-
duced ATP synthesis, which may underlie symptoms such as fatigue and psychomotor
retardation [105]. Elevated oxidative stress further compromises mitochondrial integrity,
while alterations in mitochondrial DNA (mtDNA) copy number and increased mtDNA
damage disrupt protein synthesis and impair organelle function [106,107]. Chronic in-
flammation, commonly observed in depression, may also impair mitochondrial activity.
Pro-inflammatory cytokines, including IL-1β, IL-6, and TNF-α, can suppress ATP produc-
tion and enhance ROS generation, amplifying oxidative–inflammatory imbalance [106].
Additionally, chronic stress, mediated by glucocorticoid excess, adversely affects mitochon-
drial function and promotes neuronal vulnerability [105]. Endogenous antioxidants such
as glutathione (GSH), coenzyme Q10 (CoQ10), and alpha-lipoic acid (ALA) are critical
for counteracting mitochondrial dysfunction. GSH serves as the principal intracellular
antioxidant, neutralizing ROS generated in mitochondria. Reduced GSH levels, reported in
the cerebral cortex and occipital regions of patients with depression, contribute to lipid,
protein, and DNA damage, ultimately impairing neuronal efficiency [108–110]. Similarly,
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CoQ10, an essential component of the electron transport chain, prevents electron leakage
and limits ROS formation. Depressed individuals often exhibit reduced plasma CoQ10
concentrations, which correlate with symptom severity and treatment resistance. Supple-
mentation with CoQ10 has shown therapeutic benefits in depression and related disorders,
including bipolar disorder and chronic fatigue syndrome [22,111,112]. ALA, functioning
both as an antioxidant and as a mitochondrial enzyme cofactor, regenerates other antioxi-
dants (e.g., GSH, vitamins C and E) and enhances neuronal redox stability. Clinical studies
indicate that ALA supplementation reduces depressive symptoms, lowers inflammatory
markers such as C-reactive protein (CRP), and decreases oxidative damage, suggesting
neuroprotective potential [113,114].

6. The Role of the Gut-Brain Axis in Depression
The gut-brain axis is a bidirectional communication system linking the gut micro-

biota with the central nervous system (CNS) [115,116]. This complex network involves the
enteric and autonomic nervous systems, neuroendocrine signaling, and immune mecha-
nisms [117]. Direct communication occurs via the vagus nerve, whereas indirect signaling
is mediated through endocrine and immune pathways. The gut microbiota can influence
brain function by modulating vagal activity, producing neuroactive compounds, fermenting
dietary substrates, and regulating hormone secretion [118]. The gut microbial community
is predominantly composed of bacteria, with smaller contributions from fungi, viruses,
archaea, and protozoa. Its composition is shaped early in life by perinatal factors and
subsequently modulated by environmental exposures, diet, physical activity, and overall
health status. Among these factors, diet represents the most modifiable determinant, with
specific dietary patterns capable of steering the microbiota toward either pro-inflammatory
or neuroprotective configurations [119,120]. The gut microbiota contributes to intestinal
homeostasis by regulating digestion, luminal pH, and nutrient absorption [115]. In addition,
microorganisms synthesize vitamins (e.g., vitamin K and B-group vitamins) and produce
short-chain fatty acids (SCFAs) through fiber fermentation, which exert anti-inflammatory
and neuroprotective effects [115,121,122]. The microbiota also strengthens the intestinal
barrier by maintaining epithelial integrity and preventing pathogen translocation [123].
Immune regulation is another key function, with modulation of cytokine levels occurring
via interactions with gut-associated lymphoid tissue [115]. Furthermore, microbial metabo-
lites influence the secretion of hormones such as peptide YY (PYY), glucagon-like peptide-1
(GLP-1), and cholecystokinin (CCK), thereby affecting appetite regulation and glucose
homeostasis [124]. Gut microbiota also modulate CNS activity by regulating serotonergic,
noradrenergic, dopaminergic, glutamatergic, and GABAergic neurotransmission through
their effects on neurotransmitter synthesis and metabolism. In addition, they participate
in tryptophan metabolism, directing it toward 5-HT, kynurenine, or indole derivatives-all
of which are implicated in mood regulation and cognitive processes [117]. Gut dysbiosis,
defined as an imbalance in microbial composition, has been consistently associated with
psychiatric conditions including schizophrenia and depression [125,126]. Stress exposure
significantly alters microbiota composition and abundance. In humans, stress reduces the
levels of Lactobacillus spp. and Bifidobacterium spp., whereas in rodents stress decreases
Lactobacillus abundance and increases Clostridium spp. Catecholamine release further pro-
motes the growth of Escherichia coli, both pathogenic and non-pathogenic. These findings
support the strong link between stress, gut microbiota alterations, and the onset of mood
disorders [115]. A key mechanism involves increased intestinal permeability (“leaky gut
syndrome”), which facilitates the translocation of Gram-negative bacteria and lipopolysac-
charides (LPS) into the circulation, thereby triggering systemic inflammation. Patients with
depression exhibit elevated IgM and IgA antibodies against LPS from gut-resident Gram-
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negative bacteria, consistent with enhanced gut permeability and immune activation [127].
Microbiome analyses have revealed reduced microbial diversity and richness in individuals
with depression, characterized by increased abundance of potentially pro-inflammatory
genera (Blautia, Klebsiella, Clostridium) and decreased abundance of beneficial taxa such
as Faecalibacterium, Bifidobacterium, and Ruminococcus [124]. Evidence from germ-free (GF)
animal models further supports a causal role of the microbiota in emotional regulation
and neurodevelopment. GF mice display alterations in neurogenesis, myelination, stress
responsivity, and neurotransmitter levels, including 5-HT and BDNF expression in the
hippocampus and prefrontal cortex [128].

7. HPA Axis Dysregulation
A well-established relationship exists between stress and depression, with stress

serving as a potent precipitating factor for depressive episodes, particularly in stress-
vulnerable individuals [129]. Childhood adversity, including physical or emotional abuse
and neglect, further increases the risk of depression in adulthood [130]. In animal models,
chronic mild stress induces behavioral changes resembling depressive symptoms, including
reduced sucrose preference, diminished sexual activity, decreased motivation, neglect of
grooming, and sleep disturbances [131].

The HPA axis, a central component of the neuroendocrine stress response system, is
consistently implicated in the pathophysiology of depression [132]. Upon stress exposure,
the paraventricular nucleus (PVN) of the hypothalamus releases corticotropin-releasing
hormone (CRH), which stimulates the anterior pituitary to secrete adrenocorticotropic
hormone (ACTH). ACTH then induces glucocorticoid (GC) release, primarily cortisol, from
the adrenal cortex [133,134]. Under physiological conditions, a negative feedback loop in-
volving glucocorticoid receptors (GRs) in the hypothalamus, hippocampus, and prefrontal
cortex inhibits CRH release, thereby preventing excessive cortisol accumulation [135].

Chronic or severe stress may disrupt this feedback regulation, leading to sustained
glucocorticoid hypersecretion and maladaptive neurobiological changes [136]. Structural
brain alterations, including reduced hippocampal and prefrontal cortex volumes, have
been documented in depression and are associated with dendritic retraction and synap-
tic dysfunction [137]. Dysfunction of the nucleus accumbens, a key component of the
brain’s reward system, may contribute to anhedonia frequently observed in depressed
patients [138]. Excess glucocorticoids promote excitotoxicity, impair neurogenesis in the
dentate gyrus of the hippocampus, and enhance neuronal vulnerability to additional insults
such as hypoxia, hypoglycemia, and seizures [139,140].

Two major receptor types mediate cortisol activity in the CNS: mineralocorticoid recep-
tors (MRs), which regulate basal HPA activity, and GRs, which mediate feedback inhibition
during stress. Abnormal expression or reduced density of GRs in the hippocampus and
prefrontal cortex has been observed in depression, contributing to impaired HPA axis feed-
back and chronic hypercortisolemia [136]. Preclinical studies demonstrated that chronic
stress reduces GR density in the hippocampus, whereas long-term antidepressant treat-
ment increases GR expression. These findings support the hypothesis that GR dysfunction
represents a key mechanism underlying HPA axis dysregulation in depression [141].

8. The Mediterranean Diet in the Treatment of Depression
The Mediterranean diet (MedDiet), first described by Ancel Keys in 1960 [142], is one

of the most extensively studied and widely recognized dietary patterns globally. Tradition-
ally, it emphasizes high consumption of plant-based foods, including fruits, vegetables,
minimally processed cereals, potatoes, legumes, nuts, and seeds. Olive oil serves as the
primary source of fat, while dairy products (mainly cheese and yogurt) and fish or poultry
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are consumed in moderation. Red meat is limited, and sweets containing sugar or honey
are consumed sparingly. Moderate wine intake with meals is also characteristic of this
dietary pattern [143]. The MedDiet has been associated with beneficial effects in depression,
with specific components contributing to these outcomes [144]. It supports gut microbial
diversity and stability, increasing the abundance of Faecalibacterium prausnitzii, Bifidobac-
terium, and Lactobacillus, while reducing pro-inflammatory taxa such as Proteobacteria. These
alterations are linked to enhanced production of SCFAs, reduced intestinal permeability,
and lower systemic inflammation, all of which may contribute to its antidepressant ef-
fects [145]. The MedDiet ensures adequate intake of B vitamins, whose deficiency can
lead to homocysteine accumulation and impaired synthesis of key neurotransmitters in-
volved in mood regulation [146,147]. Olive oil provides eicosapentaenoic acid (EPA), which
possesses anti-inflammatory and neuroprotective properties [148]. Polyphenols present
in the diet modulate gut microbiota and exert anti-inflammatory effects [149]. High fiber
intake promotes microbial diversity and is associated with a lower risk of depression [150].
Vegetables supply α-tocopherol, B vitamins, carotenoids, vitamin C, and magnesium, while
legumes provide tryptophan, a precursor of 5-HT, as well as zinc, which functions as an
NMDA receptor antagonist, modulating glutamatergic signaling [151]. These plants also
contain zinc, which acts as an NMDA receptor antagonist, inhibiting glutamate binding.
The MedDiet is believed to be beneficial in the treatment of depression, with specific
components contributing to its positive effects [144]. In a study by Masana et al. [152],
strict adherence to the Mediterranean diet was associated with a 35% reduction in the
risk of developing depressive symptoms. A meta-analysis by Psaltopoulou et al. [153]
confirmed that high compliance with this dietary pattern reduces the risk of depression
across different age groups. The diet also provides folic acid and vitamin B12, both critical
for neurotransmitter synthesis and antidepressant response. Reduced erythrocyte con-
centrations of these vitamins have been observed in depressed patients [23,154]. Folic
acid deficiency is associated with impaired synthesis of DA, NE, and 5-HT and may de-
crease pharmacotherapy efficacy [23,155]. Adequate vitamin B12 intake during treatment
may enhance antidepressant responsiveness, although comprehensive studies assessing
its precise impact remain limited [156]. However, there is still a lack of comprehensive
studies regarding vitamin B12 supplementation in depression and its precise impact on
the disorder. Hibbeln et al. published findings showing that increased fish consumption
was correlated with a reduced annual incidence of depression globally [156]. Numerous
studies have demonstrated that a MedDiet diet rich in polyphenols alleviates and helps
prevent depressive symptoms [24,157]. Individuals following mediterranean diet often
engage more in communal meals and family-oriented eating habits, which promote so-
cial bonding and a sense of belonging, both of which both of which serve as protective
factors for mental health, including depression [158]. Despite being one of the most well-
researched dietary patterns, there is still a lack of comprehensive studies regarding vitamin
B12 supplementation in depression and its precise impact on the disorder. Further studies
are needed to evaluate the efficacy of the MedDiet as a therapeutic strategy for depression.
Future research should include large randomized controlled trials to assess both overall
adherence and the contribution of specific components such as olive oil, polyphenols,
n-3 PUFAs, dietary fiber, and B vitamins. Long-term effects, population differences, and
potential interactions with pharmacological or psychotherapeutic treatments also warrant
further investigation.

9. Anti-Inflammatory Diet in the Treatment of Depression
Dietary habits play a critical role in regulating systemic inflammation, which is in-

creasingly recognized as a factor in the pathophysiology of depression. Pro-inflammatory
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diets contribute to elevated inflammatory responses, whereas anti-inflammatory dietary
patterns may mitigate these processes [159,160]. To quantify the inflammatory potential of
diet, the Dietary Inflammatory Index (DII) has been developed [161].

Anti-inflammatory diets are typically rich in nutrients with anti-inflammatory proper-
ties, including n-3 PUFAs [162], zinc [163], polyphenols [164], and vitamins, particularly
D and E [165,166]. EPA, a key n-3 PUFA, serves as a precursor for bioactive compounds
such as prostaglandins and leukotrienes that are essential for optimal brain function [167].
Clinical studies suggest that EPA supplementation may improve depressive symptoms
more effectively than docosahexaenoic acid (DHA) or combined n-3 PUFA supplementa-
tion [168]. The neuroprotective effects of n-3 PUFAs are attributed to their structural role
in neuronal myelin sheaths and their regulation of neurotransmitter flow and synaptic
signaling [169]. Reduced intake of n-3 PUFAs has been associated with increased preva-
lence of depression [155,167], and supplementation may benefit individuals with elevated
oxidative stress [170]. Findings by H. Bakhtiari-Dovvombaygi et al. suggest that vitamin
D is a nutrient that significantly reduces anxiety and depressive symptoms by inhibiting
neuroinflammation and reducing oxidative stress [171]. Research by A. Koshkina et al.
demonstrated that high doses of vitamin D3 exhibit antidepressant effects and counteract
anhedonia. These outcomes may be linked to the vitamin’s role in regulating the expres-
sion of neurotrophic factors such as nerve growth factor (NGF), glial cell line-derived
neurotrophic factor (GDNF), and neurotrophin-3 (NT-3). The authors also propose that
vitamin D3 modulates cAMP response element-binding protein (BDNF-CREB) signaling
and helps restore balance in the HPA axis, which is often dysregulated in stress-induced
depressive states [172]. However, further research is necessary to fully elucidate how
vitamin D3 influences BDNF expression in the hippocampus. Additionally, vitamin D
appears to have a protective effect on the dopaminergic system [173] and plays a neuro-
protective role in neuronal proliferation, differentiation, survival, and growth [174,175]. M.
Kaviani et al., studying adults with mild to moderate depression, demonstrated reduced
severity of depressive symptoms following vitamin D3 supplementation [26]. Vitamin
E comprises a group of fat-soluble organic compounds, including tocopherols (T) and
tocotrienols (T3). It functions as a non-enzymatic antioxidant, mitigating oxidative stress-
related damage [176]. Typical dietary sources of vitamin E include nuts and vegetable
oils [177]. Lower serum levels of antioxidants, such as vitamin E, are associated with both
depression and anxiety [178]. Several studies have shown that antioxidant supplementation
can be effective in patients with anxiety and depression by enhancing biological antioxidant
defenses [179,180]. However, research on the efficacy of vitamin E supplementation in
reducing depressive symptoms is ongoing. Coffee is a valuable source of health-promoting
compounds, such as caffeine, which exhibits anti-inflammatory and antioxidant properties
similar to GSH, a potent antioxidant protecting cells from free radical damage [181]. In
mouse studies, chronic caffeine administration (8 mg/kg/day) increased DA and 5-HT
levels, thereby reducing depressive-like behavior [182]. Polyphenols in coffee and tea also
provide beneficial effects. Epigallocatechin gallate (EGCG) has demonstrated antidepres-
sant effects in preclinical models by increasing BDNF and 5-HT levels and reducing stress
hormones [183,184]. Chlorogenic acid in green tea appears to inhibit monoamine oxidase
A, increasing 5-HT levels and exerting antidepressant effects [185]. In mice subjected to
exercise and a flavonoid-enriched anti-inflammatory diet, gene expression promoting brain
neuroplasticity was increased [186]. Resveratrol, a natural polyphenol found in grapes,
berries, and red wine, exhibits antioxidant, anti-inflammatory, and neuroprotective ef-
fects [187]. In female mice, resveratrol reduced depressive-like behaviors [188]. Few studies
have investigated its effects on human depression, though several assessed mood changes
after administration [27–29,189,190]. Two studies found no significant differences in mood
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measures [29,190,191], while one reported reduced anxiety with resveratrol treatment but
no changes in depression or other mood aspects [28]. The lack of significant results may
relate to lower resveratrol doses relative to body weight compared to doses used in most
animal studies. In animal models, resveratrol showed antidepressant effects comparable
to several pharmaceutical antidepressants, suggesting its potential as a natural antide-
pressant [191]. Curcumin, the main active compound in turmeric, is known for its strong
anti-inflammatory and antioxidant properties [192]. One meta-analysis suggests that, due to
its antioxidant effects, curcumin may alleviate depressive and anxiety symptoms in affected
individuals; however, caution is warranted due to small sample sizes [193]. Another study
found that curcumin was significantly more effective than placebo in reducing anxiety and
depressive symptoms between weeks 4 and 8 of administration. In patients with atypical
depression, curcumin showed even greater antidepressant and anxiolytic effects compared
to placebo. Although its antidepressant effect was most pronounced between weeks 4
and 8, over the entire treatment period, curcumin was not significantly more effective
than placebo in alleviating depressive and anxiety symptoms [30]. In another study, as
an adjunct to newly initiated antidepressant treatment (escitalopram or venlafaxine XR),
curcumin at 500 mg/day did not enhance treatment efficacy compared to placebo [31].
Curcumin remains a promising compound due to its apparent safety, although further
clinical research is needed.

A study involving 3523 participants from the SU.VI.MAX cohort did not find a clear
association between the inflammatory potential of the diet and depression. However,
subgroup analyses suggest that a diet with a higher inflammatory potential may increase
the risk of developing new depressive symptoms, particularly in men, smokers, and in-
dividuals with lower physical activity levels [194]. Recent studies indicate that a 12-week
education program on an anti-inflammatory diet for breast cancer patients with depres-
sion improved depressive symptoms, increased the anti-inflammatory potential of the
diet (reduced E-DII), and partially decreased levels of inflammatory markers TNF-α and
CRP [25]. These results suggest that an anti-inflammatory diet may be an effective, low-cost
adjunct strategy for managing depression in this specific clinical context. Further research
shows that a pro-inflammatory diet, as measured by the DII, is associated with a higher
risk of depression and anxiety disorders, as well as increased severity of depressive and
anxiety symptoms. This relationship is partially mediated by inflammatory markers and
metabolites related to glucose, protein, and lipid metabolism, suggesting that diet influ-
ences mental health through both inflammatory and metabolic mechanisms. The findings
indicate that modifying the diet toward an anti-inflammatory profile may represent a
potential preventive and supportive strategy in treating depressive and anxiety disorders,
regardless of sex, body mass index, or socio-economic status [195]. A prospective cohort
study based on UK Biobank data showed that adherence to an anti-inflammatory diet, char-
acterized by a low E-DII score, was associated with a reduced risk of depression, whereas
a pro-inflammatory diet with a high E-DII increased the likelihood of developing this
disorder. These conclusions were consistent across different age groups, BMI ranges, and
in individuals with or without hypertension, with certain subpopulations-such as women
and less-educated individuals-demonstrating greater sensitivity to the pro-inflammatory
potential of the diet [196]. In the Australian Longitudinal Study on Women’s Health,
women in the highest pro-inflammatory dietary group were more likely to have lower
levels of education, be obese, engage in lower levels of physical activity, and be current
smokers-indicating an overall less healthy lifestyle profile [197]. Findings from various
studies are inconsistent; some compounds, such as resveratrol and curcumin, show effects
only in preclinical models or at specific doses. Further research is necessary to fully eluci-
date underlying mechanisms, particularly for vitamin D3, and to determine appropriate
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therapeutic dosages. Well-designed clinical trials are needed to confirm the efficacy of
anti-inflammatory dietary interventions and establish optimal therapeutic dosages. Future
studies should also explore the long-term effects of anti-inflammatory diets on depressive
and anxiety disorders across diverse populations. Additionally, research is required to
clarify the interactions between dietary components, individual genetic factors, and lifestyle
variables in modulating mental health outcomes.

10. Western Diet
The Western diet is a widely used term encompassing several specific dietary patterns.

It is typical among residents of medium- and high-income countries and is characterized
by a high intake of highly processed foods. This diet is rich in simple sugars, saturated fats,
and animal-derived proteins, while providing insufficient amounts of vitamins, fiber, and
minerals [198]. Such a dietary pattern contributes to nutritional deficiencies and the devel-
opment of chronic diseases [199,200]. Practically, it is associated with low consumption of
vegetables, fruits, whole grains, and legumes, along with excessive intake of fried foods,
sweets, salty snacks, fatty red meat, dairy, refined flour products, and sugar-sweetened bev-
erages [201]. Each of these components has been independently linked to mood disorders
and cognitive decline. These foods are typically high in sodium and calories [202]. High
consumption of saturated and trans fats disrupts lipid metabolism and adversely affects
nervous system function [170]. Diets high in fat also promote weight gain, reduce self-
esteem, and worsen mood-factors associated with an increased incidence of depression and
neurological disorders [18]. A critical issue is the disrupted ratio of n-6 to n-3 PUFAs. N-6
PUFAs, abundant in high-fat and processed food patterns, significantly exceed the often-
deficient n-3 PUFAs. This imbalance exacerbates negative effects on the nervous system and
contributes to depression development [203]. Excessive saturated fat intake also impairs
physiological balance by reducing hippocampal volume, compromising memory, concentra-
tion, and psychomotor performance, and increasing susceptibility to depression [204]. One
mechanism linking diet and depression involves elevated pro-inflammatory cytokine pro-
duction from adipose tissue in response to high-fat intake [50]. Fat excess further increases
oxidative stress, damages neurons, and impairs synaptic plasticity. In response, autophagy
is activated to maintain homeostasis by regulating lipid metabolism, removing damaged
proteins and organelles, and protecting neurons. A key component of this process is the
mTOR signaling pathway, which is suppressed via diet-induced phosphorylation, leading
to impaired autophagy, increased inflammation, metabolic disturbances, and elevated
symptoms of anxiety and depression [205]. Adherence to a Western dietary pattern is also
associated with a more sedentary lifestyle, higher consumption of alcohol and tobacco, poor
sleep hygiene, and increased social withdrawal-all established contributors to the develop-
ment and exacerbation of depressive symptoms [206,207]. The Western diet promotes gut
dysbiosis by increasing the abundance of Clostridium, Klebsiella, and Bilophila wadsworthia,
while reducing Bifidobacterium and Roseburia. This shift in microbial composition decreases
SCFAs production, compromises gut barrier integrity, and heightens inflammatory sig-
naling, which are strongly linked to the pathophysiology of depression [208]. In rodent
models, high-fat diets increased the Firmicutes-to-Bacteroidetes ratio, reduced exploratory
behavior, and intensified anxiety and memory impairments [209,210]. Other preclinical
studies demonstrated that high-calorie diets representing Western-style eating patterns
increased the abundance of bacteria from the Clostridiales, Ruminococcaceae, and Bac-
teroidales groups, correlating with poorer cognitive flexibility, object recognition, and social
interaction [211,212]. Prebiotic supplementation reversed stress-induced gut microbiota
changes, prevented declines in beneficial bacteria (e.g., Bifidobacterium, Lactobacillus), and
normalized cytokine levels and depressive behaviors in mice [213]. Furthermore, studies
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confirm the association between sugar-rich diets and depression. High carbohydrate intake
increases the risk of diabetes, which may trigger depressive symptoms [214]. Consumption
of sugar-sweetened beverages is also correlated with a higher risk of depression, potentially
due to several biological mechanisms. These beverages contain high amounts of fructose. In
animal studies, rats exposed to high-fructose diets during adolescence exhibited increased
anxiety- and depression-like behaviors in adulthood, along with hyperactivation of the
HPA axis and elevated glucocorticoid levels. Excessive consumption of these beverages
also contributes to obesity, which itself may increase depression risk by impairing HPA
axis function [215].

11. Ketogenic Diet and Depression
The ketogenic diet (KD) is characterized by very low carbohydrate content, high fat

intake, and a moderate protein amount tailored to individual needs [216]. Under conditions
of restricted carbohydrate availability, the body undergoes metabolic adaptation, shift-
ing to fatty acids as the primary energy source. Low blood glucose levels reduce insulin,
which, together with elevated adrenaline, stimulates hormone-sensitive lipase activity [217].
Consequently, free fatty acids (FFAs) and glycerol are released from adipocytes. FFAs are
transported to liver mitochondria, where they undergo β-oxidation to form acetyl-CoA. Un-
der normal conditions, acetyl-CoA enters the Krebs cycle by combining with oxaloacetate.
During carbohydrate restriction, however, oxaloacetate is diverted to gluconeogenesis,
leaving acetyl-CoA to be converted into ketone bodies: β-hydroxybutyrate, acetoacetate,
and acetone [218]. This increase in ketone production is termed nutritional ketosis [219].
Ketone synthesis also rises during fasting, starvation, intense physical activity, and the
neonatal period [216]. Ketone bodies serve as an alternative energy source alongside glu-
cose. Studies indicate that during KD, skeletal muscle, heart, and brown adipose tissue rely
primarily on β-hydroxybutyrate, whereas the liver, kidneys, and CNS continue to utilize
glucose as the main energy source [220].

Emerging research suggests that KD may support therapies for psychiatric disorders.
The diet is associated with an increased GABA-to-glutamate ratio. As less glutamate is
converted to aspartate, more becomes available for GABA synthesis via glutamate decar-
boxylase. KD may therefore benefit depression and anxiety disorders, which are often
associated with reduced GABA levels. Positive allosteric modulators of GABA, such as
benzodiazepines, are commonly used to alleviate depression symptoms, rapidly reducing
anxiety and sleep disturbances. KD may complement monoaminergic antidepressants by
enhancing CNS GABA levels [221]. Studies suggest that KD can stabilize mood by modulat-
ing neurotransmitter regulation, glutamatergic transmission, mitochondrial function, and
oxidative stress [222,223]. KD may also improve cognitive functions, including working
memory and processing speed [224]. However, some studies indicate that while KD may
improve mood, it can also lead to sleep disturbances due to carbohydrate restriction. As
sleep quality strongly predicts mental health outcomes, these disturbances may moderate
the overall effect of KD on depressive symptoms [225]. Evidence also shows that KD can
positively influence gut microbiota across age groups [226]. KD alters the gut microbiota
by reducing Bifidobacterium and increasing Akkermansia muciniphila and Desulfovibrio. These
changes may reduce gut inflammation and enhance GABAergic signaling in the brain.
Prolonged KD, however, may decrease microbial diversity and SCFAs production. An-
tidepressant effects observed in some patients may result from reduced inflammation and
altered neurotransmitter metabolism mediated by the microbiota [227]. Preclinical studies
support these findings. Rodent experiments using the Porsolt test demonstrated that KD
increases locomotor activity and reduces anxiety- and depression-like behaviors [228,229].
Ketone supplementation in rats also reduced anxiety-like behaviors, suggesting a potential
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anxiolytic and antidepressant mechanism [230]. In CD-1 mice exposed to KD during the
first 30 days of fetal life and fed a standard diet postnatally, adult offspring displayed
reduced anxiety and depression-like behaviors, increased physical activity, larger cerebel-
lums, and smaller hypothalamus and corpus callosum volumes compared to controls [231].
Clinical studies are increasingly investigating KD in depression. A recent case series re-
ported that three adults with depression and anxiety disorders who followed a personalized
animal-based KD (fat-to-protein+carbohydrate ratio of 1.5:1) for 12–16 weeks showed sig-
nificant psychological improvements. Two participants achieved full remission within
7 weeks, and the third within 12 weeks, along with improvements in mood, self-compassion,
and metabolic health [232]. Ongoing research is exploring ketogenic metabolic therapy
(KMT) for treatment-resistant depression (TRD). A 2024 retrospective case study reported a
53-year-old woman with TRD in Bipolar II disorder who underwent KMT, starting with
a 1:1 macronutrient ratio, later adjusted to 1.5:1. Blood glucose and ketone levels were
monitored alongside mood assessments using the Generalized Anxiety Disorder 7-item
Scale (GAD-7), Depression Anxiety Stress Scales (DASS), and PTSD Checklist for DSM-5
(PCL-5). The patient exhibited improved mood stabilization, reduced anxiety, stress, and
depressive symptoms, and enhanced quality of life, with effects persisting up to five months
post-intervention [233]. A 2025 retrospective case study reported a 47-year-old woman with
chronic TRD who achieved complete remission of depressive symptoms within 8 weeks
via a ketogenic diet (1.5:1 macronutrient ratio) under multidisciplinary supervision [234].
Additionally, a cohort study by Garner et al. investigated the impact of KD on mental health
outcomes. Participants adhering to KD for an average of 23.56 ± 25.7 months reported
lower anxiety levels and improved alertness, satisfaction, and calmness using the Perceived
Stress Scale (PSS-10) and the Bond-Lader Visual Analog Scales (BL-VAS). In a second group,
participants maintaining KD for approximately 44.02 ± 64.97 months showed reduced
anxiety and emotional stress, decreased depressive symptoms, and diminished loneliness
assessed by the DASS-21 and a brief Three-item Loneliness Scale [235].

12. Vegetarian Diet and Depression
A vegetarian diet primarily consists of plant-based products [236]. This type of diet

can be categorized into several subtypes depending on the excluded foods. These include
the vegan diet, which excludes all animal-derived products; the lacto-ovo-vegetarian diet,
which may include eggs and dairy but excludes meat; the pesco-vegetarian diet, which
includes fish and limits consumption of other meats to less than once per month; and the
semi-vegetarian diet, in which meat and fish are consumed occasionally [237]. In general,
adherence to a well-planned vegetarian diet is associated with numerous health benefits
and higher dietary quality [238–240]. Such diets are typically rich in magnesium and antiox-
idants, which influence inflammatory markers [241] and neurotransmitter synthesis [242].
However, vegetarian diets may lead to deficiencies in key nutrients, such as iron, vitamin
B12, and n-3 PUFAs [243–245], which can impair CNS function [246,247]. Plant-based
diets enhance microbial diversity and promote the growth of fiber-fermenting bacteria,
increasing SCFAs production. High intake of polyphenols and fiber supports Prevotella and
Lactobacillus, which are associated with anti-inflammatory effects. Strict vegan diets, how-
ever, may reduce certain microbial species (e.g., Bacteroides) and require careful planning to
avoid micronutrient deficiencies that might indirectly affect mood [248]. Research findings
regarding depression and vegetarian diets are mixed. Semi- and pesco-vegetarians, who
consume fish and poultry in addition to other lacto-ovo-vegetarian foods, have shown a
higher risk of depression, whereas no significant association has been observed among
lacto-ovo-vegetarians [249]. In a study of 90,380 participants from the Constances co-
hort, vegetarians and pesco-vegetarians exhibited higher rates of depressive symptoms



Medicina 2025, 61, 1737 16 of 27

compared to meat-eaters after adjusting for education, occupational status, and income.
Specifically, vegetarians with lower legume intake showed a higher risk of depression,
suggesting that overall dietary quality may modulate this relationship [250]. In an older
Chinese population, a plant-based diet was independently associated with a higher risk of
depressive symptoms among men, while no such association was observed in women. This
may result from deficiencies in key nutrients such as n-3 PUFAs, vitamin B12, and folate,
which affect brain function, as well as from low dietary quality and limited diversity, often
linked to lower socioeconomic status [251]. The ALSPAC study demonstrated that in adult
men, a vegetarian diet was associated with a higher risk of depressive symptoms, poten-
tially due to the aforementioned nutrient deficiencies. The authors noted the possibility of
reverse causation, suggesting that individuals already experiencing depressive symptoms
may be more likely to adopt a vegetarian diet due to changes in appetite, food preferences,
or efforts to manage health or weight. Ethical or cultural motivations may also correlate
with personality traits that influence mood [252]. A meta-analysis reported that vegetarians
had statistically higher depression scores than individuals following a traditional diet.
However, significant heterogeneity among studies indicates the presence of moderating
variables. The authors emphasized that these findings do not allow causal inferences,
leaving unclear whether vegetarianism increases depression risk or if individuals with
depression are more likely to adopt a vegetarian diet [253]. Michalak et al. observed that in
many cases, the initiation of a vegetarian diet occurs after the onset of mood disorders. Two
explanations have been proposed: individuals with depression may perceive a vegetarian
diet as healthier or develop increased sensitivity to animal suffering, leading to avoidance
of animal products [254]. Conversely, some studies indicate an inverse relationship be-
tween vegetarian diet adherence and depression [255,256]. In the MASALA study, 13% of
participants had depression, with a higher prevalence among non-vegetarians (14.4%) than
vegetarians. After adjusting for confounders, vegetarians had 43% lower odds of develop-
ing depression. Higher education and income were also associated with lower depression
risk, whereas smoking increased risk. The high proportion of vegetarians among South
Asians (38% in the cohort) reflects cultural and religious traditions, potentially providing
stronger social support and reducing stigma associated with vegetarianism [255]. Unlike
vegetarians in Western societies, for this group, vegetarianism is a social and cultural norm,
which may explain the inverse association compared to studies in the USA and Europe.
Studies of the Seventh-day Adventist (SDA) community in the USA found that vegetarians
had lower intakes of EPA, DHA, and AA but higher intakes of ALA and LA compared
to meat-eaters. Despite this, vegetarians reported better well-being, particularly among
women, who exhibited significantly better mood than meat-eating women. However,
limitations included the specific nature of the study population and the absence of mea-
surements of fatty acid concentrations and inflammatory markers in blood [256]. Improved
well-being may result from high ALA and LA intake, low AA, and high antioxidant content,
suggesting beneficial effects of plant-based diets on mental health. Research on vegetarian
diets faces several limitations, including the underlying reasons for adopting the diet,
socio-cultural factors, and the diversity of diet types. One study on psychosocial aspects
found that most individuals on a meat-free diet cited ethical and environmental reasons
(86.9%), while 32.1% believed that a plant-based diet positively affects health, and 42.9%
indicated health maintenance as important. Additionally, 64.3% reported aversion to the
taste of meat or animal products; none cited fashion or trends as a reason [257]. Individuals
adhering to plant-based diets often exhibit higher health-conscious behaviors, including
greater physical activity, lower rates of smoking and alcohol use, and stronger ethical
motivations, which may contribute to a reduced risk of depression [258,259]. Discrepancies
among findings may result from differences in dietary subtypes, nutrient supplementation,
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duration of adherence, socio-economic status, lifestyle factors, or cultural influences. For
example, the protective effect observed in Taiwanese vegetarians [260] may reflect high di-
etary quality and adequate nutrient intake, whereas higher rates of depressive symptoms in
Austrian vegetarians [261] may be influenced by diet motivation, coexisting lifestyle factors,
or potential nutrient deficiencies. Further studies are required to clarify the causal rela-
tionship between vegetarian diets and depression, considering nutrient adequacy, dietary
quality, and dietary subtypes. Future research should explore how socio-cultural factors,
lifestyle, and ethical motivations interact with dietary patterns to influence mental health.
Additionally, long-term prospective studies and mechanistic research on nutrient-mood
pathways are necessary to better understand these associations across diverse populations.

13. Conclusions
Depression is a multifactorial mental disorder involving a complex interplay of biolog-

ical, environmental, and lifestyle factors. This review has highlighted multiple mechanisms
implicated in its development, including monoamine imbalance, oxidative and inflamma-
tory processes, HPA axis dysregulation, mitochondrial dysfunction, and alterations in gut
microbiota. Evidence suggests that diet may play a supportive role in the management
of depression. Specifically, Mediterranean and anti-inflammatory dietary patterns appear
most consistently beneficial, likely through modulation of inflammation, improvement of
gut microbiota composition, reduction of oxidative stress, and promotion of neuroplasticity.
Some studies indicate potential positive effects of the ketogenic diet, although findings
remain limited and heterogeneous. Conversely, Western-style diets rich in processed foods
and sugars may exacerbate depressive symptoms. Research on vegetarian diets remains
inconclusive; some studies report beneficial effects, while others highlight the potential risk
of nutritional deficiencies. These discrepancies underscore the need for cautious interpreta-
tion and the challenge of translating dietary interventions into clinical practice. Overall,
nutritional strategies show promise as adjunctive treatments for depression, yet current
evidence is still emerging and must be critically appraised considering methodological limi-
tations and population diversity. From a clinical perspective, integrating anti-inflammatory
and balanced dietary approaches may enhance the effectiveness of standard treatments,
including pharmacotherapy and psychotherapy. Future research should focus on well-
designed randomized controlled trials to clarify the effects of specific nutrients and dietary
patterns, identify optimal intervention strategies, and evaluate long-term outcomes. Incor-
porating dietary considerations into mental health care holds potential to improve patient
quality of life, but requires careful, evidence-based implementation.
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2. Depresja—Więcej niż Smutek—Środa z Profilaktyką w OW NFZ. Available online: https://www.nfz.gov.pl/aktualnosci/

aktualnosci-oddzialow/depresja-wiecej-niz-smutek-sroda-z-profilaktyka-w-ow-nfz,590.html (accessed on 2 September 2025).
3. De Zwart, P.L.; Jeronimus, B.F.; de Jonge, P. Empirical evidence for definitions of episode, remission, recovery, relapse and

recurrence in depression: A systematic review. Epidemiol. Psychiatr. Sci. 2019, 28, 544–562. [CrossRef]
4. Ross, B.M. ω−3 Fatty acid deficiency in major depressive disorder is caused by the interaction between diet and a genetically

determined abnormality in phospholipid metabolism. Med. Hypotheses 2007, 68, 515–524. [CrossRef]
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88. Prystupa, A.; Kiciński, P.; Luchowska-Kocot, D.; Błażewicz, A.; Niedziałek, J.; Mizerski, G.; Jojczuk, M.; Ochal, A.; Sak, J.J.; Załuska,
W. Association between serum selenium concentrations and levels of proinflammatory and profibrotic cytokines—Interleukin-6
and growth differentiation factor-15, in patients with alcoholic liver cirrhosis. Int. J. Environ. Res. Public Health 2017, 14, 437.
[CrossRef] [PubMed]

89. Duntas, L. Selenium and inflammation: Underlying anti-inflammatory mechanisms. Horm. Metab. Res. 2009, 41, 443–447.
[CrossRef] [PubMed]

90. Castaño, A.; Ayala, A.; Rodrıguez-Gómez, J.A.; Herrera, A.J.; Cano, J.; Machado, A. Low selenium diet increases the dopamine
turnover in prefrontal cortex of the rat. Neurochem. Int. 1997, 30, 549–555. [CrossRef]

91. Santos, A.C.; Passos, A.F.F.; Holzbach, L.C.; Cardoso, B.R.; Santos, M.A.; Coelho, A.S.G.; Cominetti, C.; Almeida, G.M. Lack of
sufficient evidence to support a positive role of selenium status in depression: A systematic review. Nutr. Rev. 2025, 83, e211–e222.

92. Parnham, M.J.; Sies, H. The early research and development of ebselen. Biochem. Pharmacol. 2013, 86, 1248–1253. [CrossRef]
[PubMed]

93. Ramli, F.F.; Cowen, P.J.; Godlewska, B.R. The potential use of ebselen in treatment-resistant depression. Pharmaceuticals 2022,
15, 485. [CrossRef]

94. Adler, G. Cytokiny w początkowych etapach odpowiedzi odpornościowej. Reumatologia 2009, 47, 230–235.
95. Margielewska, S. Rola układu odpornościowego w powstawaniu depresji. Wszechświat 2013, 114, 101–106.
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microbiota-gut-brain axis in neuropsychiatric and neurological disorders. Pharmacol. Res. 2021, 172, 105840. [CrossRef]
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183. Trebatická, J.; Ďuračková, Z. Psychiatric disorders and polyphenols: Can they be helpful in therapy? Oxid. Med. Cell. Longev.
2015, 2015, 248529. [CrossRef]

184. Fang, J.-L.; Zhang, Q.; Zhao, Y.; Li, X.; Wang, Y. Ameliorative effect of anthocyanin on depression mice by increasing monoamine
neurotransmitter and up-regulating BDNF expression. J. Funct. Foods 2020, 66, 103757. [CrossRef]

185. Grzelczyk, J.; Stojakowska, A.; Walkowiak, A.; Łuczaj, W.; Skrzydlewska, E. Evaluation of the inhibition of monoamine oxidase A
by bioactive coffee compounds protecting serotonin degradation. Food Chem. 2021, 348, 129108. [CrossRef]

186. Van Praag, H.; Kempermann, G.; Gage, F.H. Plant-derived flavanol (−) epicatechin enhances angiogenesis and retention of spatial
memory in mice. J. Neurosci. 2007, 27, 5869–5878. [CrossRef]

https://doi.org/10.1093/ajcn/84.6.1308
https://www.ncbi.nlm.nih.gov/pubmed/17158410
https://doi.org/10.3945/ajcn.2008.26692C
https://doi.org/10.3390/nu14153099
https://www.ncbi.nlm.nih.gov/pubmed/35956276
https://doi.org/10.3390/nu14030656
https://doi.org/10.26444/monz/137481
https://doi.org/10.1186/1475-2891-7-2
https://doi.org/10.1080/07315724.2009.10719785
https://www.ncbi.nlm.nih.gov/pubmed/20439549
https://doi.org/10.1093/ajcn/87.5.1156
https://www.ncbi.nlm.nih.gov/pubmed/18469234
https://doi.org/10.1186/1471-244x-8-s1-s5
https://doi.org/10.1007/s00210-020-02002-0
https://doi.org/10.3390/nu11081726
https://doi.org/10.1016/j.bbr.2018.08.020
https://doi.org/10.4161/derm.24494
https://doi.org/10.1155/2017/9245702
https://doi.org/10.18295/2075-0528.1566
https://doi.org/10.1016/S0165-0327(99)00121-4
https://www.ncbi.nlm.nih.gov/pubmed/10802134
https://doi.org/10.4103/0019-5545.102424
https://www.ncbi.nlm.nih.gov/pubmed/23226848
https://doi.org/10.2174/1570159X11666131120231448
https://doi.org/10.1016/j.foodres.2015.07.027
https://doi.org/10.1016/S0924-977X(11)70460-6
https://doi.org/10.1155/2015/248529
https://doi.org/10.1016/j.jff.2019.103757
https://doi.org/10.1016/j.foodchem.2021.129108
https://doi.org/10.1523/JNEUROSCI.0914-07.2007


Medicina 2025, 61, 1737 25 of 27
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208. Berding, K.; Vlčková, K.; Marx, W.; Schellekens, H.; Stanton, C.; Clarke, G.; Jacka, F.; Dinan, T.G.; Cryan, J.F. Diet and the
Microbiota-Gut-Brain Axis: Sowing the Seeds of Good Mental Health. Adv. Nutr. 2021, 12, 1239–1285. [CrossRef] [PubMed]

209. Ohland, C.L.; Kish, L.; Bell, H.; Thiesen, A.; Hotte, N.; Pankiv, E.; Madsen, K.L. Effects of Lactobacillus helveticus on murine
behavior are dependent on diet and genotype and correlate with alterations in the gut microbiome. Psychoneuroendocrinology
2013, 38, 1738–1747. [CrossRef]

210. Pyndt Jørgensen, B.; Winther, G.; Kihl, P.; Nielsen, D.S.; Wegener, G.; Hansen, A.K.; Sørensen, D.B. Dietary magnesium deficiency
affects gut microbiota and anxiety-like behaviour in C57BL/6N mice. Acta Neuropsychiatr. 2015, 27, 307–311. [CrossRef]

211. Magnusson, K.R.; Hauck, L.; Jeffrey, B.M.; Elias, V.; Humphrey, A.; Nath, R.; Perrone, A.; Bermudez, L.E. Relationships between
diet-related changes in the gut microbiome and cognitive flexibility. Neuroscience. 2015, 300, 128–140. [CrossRef] [PubMed]

https://doi.org/10.3892/mmr.2018.8493
https://doi.org/10.3390/nu10030329
https://doi.org/10.1523/JNEUROSCI.0385-14.2014
https://doi.org/10.3390/molecules23092197
https://doi.org/10.1080/10408398.2019.1653260
https://doi.org/10.3945/jn.116.245167
https://www.ncbi.nlm.nih.gov/pubmed/28356432
https://doi.org/10.1016/j.jad.2025.119533
https://www.ncbi.nlm.nih.gov/pubmed/40447150
https://doi.org/10.1017/S0007114524002253
https://doi.org/10.1017/S0007114516002853
https://doi.org/10.1007/s11882-013-0404-6
https://doi.org/10.1016/S0140-6736(19)32497-3
https://doi.org/10.1080/10408398.2015.1117413
https://www.ncbi.nlm.nih.gov/pubmed/26745150
https://doi.org/10.1093/ajcn.81.2.341
https://doi.org/10.1053/j.ajkd.2016.11.012
https://doi.org/10.1016/B978-0-12-813148-0.00015-3
https://doi.org/10.1111/bph.13343
https://doi.org/10.1016/j.expneurol.2021.113949
https://www.ncbi.nlm.nih.gov/pubmed/34902357
https://doi.org/10.1176/appi.ajp.2009.09060881
https://doi.org/10.1093/advances/nmz082
https://www.ncbi.nlm.nih.gov/pubmed/31504084
https://doi.org/10.1093/advances/nmaa181
https://www.ncbi.nlm.nih.gov/pubmed/33693453
https://doi.org/10.1016/j.psyneuen.2013.02.008
https://doi.org/10.1017/neu.2015.10
https://doi.org/10.1016/j.neuroscience.2015.05.016
https://www.ncbi.nlm.nih.gov/pubmed/25982560


Medicina 2025, 61, 1737 26 of 27

212. Reichelt, A.C.; Loughman, A.; Bernard, A.; Raipuria, M.; Abbott, K.N.; Dachtler, J.; Van, T.T.H.; Moore, R.J. An intermittent
hypercaloric diet alters gut microbiota, prefrontal cortical gene expression and social behaviours in rats. Nutr. Neurosci. 2020, 23,
613–627. [CrossRef] [PubMed]

213. Burokas, A.; Arboleya, S.; Moloney, R.D.; Peterson, V.L.; Murphy, K.; Clarke, G.; Stanton, C.; Dinan, T.G.; Cryan, J.F. Targeting the
microbiota-gut-brain axis: Pre-biotics have anxiolytic and antidepressant-like effects and reverse the impact of chronic stress in
mice. Biol. Psychiatry. 2017, 82, 472–487. [CrossRef]

214. Dipnall, J.F.; Pasco, J.A.; Meyer, D.; Berk, M.; Williams, L.J.; Dodd, S.; Jacka, F.N. The association between dietary patterns,
diabetes and depression. J. Affect. Disord. 2015, 174, 215–224. [CrossRef]

215. Hu, D.; Cheng, L.; Jiang, W. Sugar-sweetened beverages consumption and the risk of depression: A meta-analysis of observational
studies. J. Affect. Disord. 2019, 245, 348–355. [CrossRef]

216. Puchalska, P.; Crawford, P.A. Multi-dimensional Roles of Ketone Bodies in Fuel Metabolism, Signaling, and Therapeutics. Cell
Metab. 2017, 25, 262–284. [CrossRef]

217. Longo, R.; Peri, C.; Cricrì, D.; Coppi, L.; Caruso, D.; Mitro, N.; De Fabiani, E.; Crestani, M. Ketogenic Diet: A New Light Shining
on Old but Gold Biochemistry. Nutrients 2019, 11, 2497. [CrossRef]

218. Capozzi, M.E.; Coch, R.W.; Koech, J.; Astapova, I.I.; Wait, J.B.; Encisco, S.E.; Douros, J.D.; El, K.; Finan, B.; Sloop, K.W.; et al. The
Limited Role of Glucagon for Ketogenesis During Fasting or in Response to SGLT2 Inhibition. Diabetes 2020, 69, 882–892. [CrossRef]

219. Gupta, L.; Khandelwal, D.; Kalra, S.; Gupta, P.; Dutta, D.; Aggarwal, S. Ketogenic diet in endocrine disorders: Current perspectives.
J. Postgrad. Med. 2017, 63, 242–251. [CrossRef]

220. Hui, S.; Cowan, A.J.; Zeng, X.; Yang, L.; TeSlaa, T.; Li, X.; Bartman, C.; Zhang, Z.; Jang, C.; Wang, L.; et al. Quantitative Fluxomics
of Circulating Metabolites. Cell Metab. 2020, 32, 676–688.e4. [CrossRef] [PubMed]

221. Calderón, N.; Betancourt, L.; Hernández, L.; Rada, P. A ketogenic diet modifies glutamate, gamma-aminobutyric acid and
agmatine levels in the hippocampus of rats: A microdialysis study. Neurosci. Lett. 2017, 642, 158–162. [CrossRef]

222. Norwitz, N.G.; Sethi, S.; Palmer, C.M. Ketogenic diet as a metabolic treatment for mental illness. Curr. Opin. Endocrinol. Diabetes
Obes. 2020, 27, 269–274. [CrossRef]

223. Kraeuter, A.K.; Phillips, R.; Sarnyai, Z. Ketogenic therapy in neurodegenerative and psychiatric disorders: From mice to men.
Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2020, 101, 109913. [CrossRef] [PubMed]
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