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Depression represents a global health challenge with complex etiology and
significant societal impact. Recent advancements reveal a critical role of lipid
metabolism dysregulation in the pathogenesis and severity of depressive
disorders. This review elucidates the impact of lipid imbalance on depression
highlighting how dyslipidemia not only makes individuals prone to depression but
also exacerbates the progression of depression (including the occurrence of
some comorbidities of depression). On this basis, we have summarized that
abnormal lipid metabolism may serve as a diagnostic and therapeutic target for
depression. We discuss the perturbation of lipid homeostasis in depression,
marked by altered triglycerides and high-density lipoprotein levels, and the
potential of these lipids as biomarkers for diagnostic precision and therapeutic
efficacy. Special emphasis is placed on the molecular mechanisms where lipids
influence neuronal function and stress responses, thereby affecting mood and
cognitive outcomes. Furthermore, we explore the comorbidity of depression
with other systemic illnesses, suggesting a shared lipid-mediated metabolic
pathway. Given the integral role of lipids in neural architecture and signaling,
targeting lipid metabolism could offer novel therapeutic avenues, enhancing
neuroplasticity and potentially mitigating depressive symptoms. Our synthesis
aims to pave the way for future investigations into lipid-centric strategies to
combat depression, advocating for a metabolic reorientation in mental
health therapeutics.
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Graphical abstract highlights the role of lipid dysregulation in the pathogenesis of depression, links lipid profile alterations to neuronal dysfunction,
stress response, and comorbidities, and proposes diagnosis/treatment targeting lipids. Created using images from Servier Medical Art, licensed under
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1 Introduction

Depression is a widespread psychological disorder that
profoundly impacts individuals, families, and society, the World

Abbreviations: WHO, World Health Organization; TGs, Triglycerides; HDL, C -
High-Density Lipoprotein Cholesterol; LDL, Low-Density Lipoprotein; PUFAs,
Polyunsaturated Fatty Acids; BDNF, Brain-Derived Neurotrophic Factor; TrkB,
Tropomyosin Receptor Kinase B; p75NTR, p75 Neurotrophin Receptor; HPA,
Hypothalamic-Pituitary-Adrenal; EPA, Eicosapentaenoic Acid; DHA
Docosahexaenoic Acid; AA, Arachidonic Acid; 5-HT, Serotonin; SERT,
Serotonin Transporter; cAMP, Cyclic Adenosine Monophosphate; NMDA, N-
Methyl-D-Aspartate; APOE, Apolipoprotein E; VLDL, Very Low-Density
Lipoprotein; PPAR-Y, Peroxisome Proliferator-Activated Receptor Gamma;
FFAs, Free Fatty Acids; OxPhos, Oxidative Phosphorylation; TfamAKO,
Astrocyte-Specific Mitochondrial Transcription Factor A Knockout; LD, Lipid
Droplet; STATS3, Signal Transducer and Activator of Transcription 3; IL-3,
Interleukin-3; AP, Amyloid-Beta; TC, Total Cholesterol; MDD, Major
Depressive Disorder; BDI, Beck Depression Inventory; RCT, Reverse
Cholesterol Transport; LCAT, Phosphatidylcholine (lecithin)-cholesterol
acyltransferase; PON1, Paraoxonase 1; OS, Oxidative Stress; LRPs, Lipid
Regulatory Proteins; MDA, Malondialdehyde; ROS, Reactive Oxygen Species;
ALA, Alpha-Linolenic Acid; CSDS, Chronic Social Defeat Stress; DG,
Diacylglycerol; PFC, Prefrontal Cortex; BCRD, Breast Cancer-Related
Depression; PSD, Post-Stroke Depression; T2DM, Type 2 Diabetes Mellitus;
TyG, Triglyceride-Glucose; NAFLD, Non-Alcoholic Fatty Liver Disease; BAs,
Bile Acids; FXR, Farnesoid X Receptor; GPBARI, G Protein Bile Acid-Activated
Receptor 1; TLR4, Toll-Like Receptor 4; RA, Rheumatoid Arthritis; QoL, Quality
of Life; LTB4, Leukotriene B4; COX, Cyclooxygenase; LOX, Lipoxygenase; KXS,

Kai Xin San; AD, Alzheimer’s Disease.
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Health Organization (WHO) highlights that depression is the
leading cause of disability globally and substantially contributes to
the overall disease burden (1, 2). Recent research highlights that
3.8% of the population suffers from depression, including 5% of
adults (with 4% being men and 6% women) and 5.7% of individuals
aged 60 and older (3). Globally, depression affects over 280 million
individuals and plays a crucial role as a risk factor for suicide. Each
year, more than 700,000 people die by suicide, making it the fourth
leading cause of death among those aged 15 to 29 (2, 3). Its severe
consequences have significantly increased suicide rates, highlighting
the urgent need for effective management and intervention
strategies (4). The multifaceted etiology of depression complicates
early diagnosis, often resulting in delayed treatment and worsening
symptoms (5). Patients frequently experience recurrent and
treatment-resistant episodes, which can undermine the overall
efficacy of existing therapies (6). Furthermore, the onset and
progression of depression involve intricate regulatory networks,
encompassing genetic, biological, psychological, and environmental
factors (7). Although some progress has been made in research, the
underlying mechanisms of depression remain poorly understood,
highlighting the need for continued investigation to uncover its
complex pathology and improve therapeutic outcomes.

Lipids, such as Triglycerides (TGs), phospholipids, and
cholesterol, are essential for cellular function. They are vital
parts of cell membranes, act as energy storage molecules, and
function as signaling molecules (8). Lipid metabolism is a core
biological process involving the synthesis, degradation, and
regulation of lipids in the body. Sustaining cellular homeostasis
and overall health relies on the precise regulation of lipid
metabolism (9, 10).
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Dyslipidemia, marked by atypical blood lipid levels, is
increasingly recognized as a significant factor in depression’s
pathophysiology. Extensive research has shown that changes in
lipid profiles, especially increased TGs and reduced high-density
lipoprotein cholesterol (HDL-C), correlate with greater risk and
heightened severity of depression (11, 12). The mechanisms
through which lipid imbalances influence emotional and cognitive
functions are complex. The uniformity of lipids plays a vital role in
various interconnected mechanisms, such as mood stabilization,
anxiety management, and the prevention of suicidal tendencies.
These mechanisms involve serotonin transmission (13-15), the
generation of new neurons (neurogenesis) (16, 17), and protection
against excitotoxic damage (18). Disruptions in lipid metabolism can
affect neuronal function, leading to altered neurotransmission,
inflammation, and impaired brain plasticity, all of which are
implicated in the development and progression of depressive
symptoms (19-21). From a clinical standpoint, abnormal lipid
levels appear to be linked to depression, its intensity, and the long-
term progression of the condition (22). A noticeable relationship
exists between depressive symptoms and fluctuations in blood lipid
concentrations, encompassing total cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides,
and ®-3 polyunsaturated fatty acids (PUFAs) (23-25). These
connections may differ when comparing males and females (26).
Additionally, dyslipidemia may promote chronic low-grade
inflammation, which has been linked to mood disorders and
cognitive decline. Omega-3 fatty acids, known for their anti-
inflammatory properties, have been shown to mitigate these effects
by improving synaptic plasticity, enhancing neurogenesis, and
potentially alleviating depression symptoms (27, 28).

Lipid metabolism is crucial for the occurrence and development of
many diseases (29). Regarding depression, dysregulation of lipid
metabolism has become an important factor in its pathophysiology.
Previous studies have shown that when cortisol levels become
extremely high and the brain is unable to control the excessive
production of cortisol, a decrease in the concentration of brain-
derived neurotrophic factor (BDNF) is detected, which affects the
development of depression through tyrosine kinase receptor (TrkB)
and p75 neurotrophic factor receptor (p75NTR) (30, 31). On the
contrary, depression can itself disrupt lipid metabolism, thereby
contributing to further disorders in blood lipids. The stress response
associated with depression may activate the hypothalamic-pituitary-
adrenal (HPA) axis, resulting in elevated cortisol levels. Cortisol
inhibits the activities of A5- and A6-desaturases, reducing the
synthesis of ®-3 long-chain polyunsaturated fatty acids (LCPUFAs),
such as eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
and arachidonic acid (AA). This alteration affects the structural
properties of fatty acids, consequently influencing lipid synthesis and
degradation processes (32, 33). Abnormal fatty acid metabolism caused
by hyperactivity of the HPA axis may increase the risk of depression
recurrence and cardiovascular diseases by affecting neuromembrane
function and inflammatory responses (32). This bidirectional
relationship highlights the complex interaction between dyslipidemia
and depression, where dyslipidemia exacerbates depressive symptoms,
and depression in turn further aggravates lipid imbalance. Meanwhile,
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gut microbiota may influence lipid metabolism, thereby impacting
neuropsychiatric disorders (Figures 1A, B). Furthermore, disturbances
in lipid metabolism are related to complications of depression and
other conditions like cancer, tuberculosis, and cardiac disease (34-36).
Recent studies have shown that targeting the lipid metabolism-related
gene PTGS2 can inhibit neuronal ferroptosis while promoting immune
responses, thereby alleviating breast cancer and associated depression
(36). This suggests that there may be a shared metabolic pathway,
which warrants further investigation.

During the treatment of depression, alterations in lipid
metabolism have also been observed, with various lipid
components potentially undergoing alterations that may serve as
biomarkers for evaluating treatment efficacy (37). This underscores
the possibility of targeting lipid metabolism in managing depression
to restore metabolic balance and improve clinical outcomes.

Against the backdrop of depression, emerging evidence has
unveiled a bidirectional causal relationship between dyslipidemia
and depressive symptoms; however, the precise molecular
mechanisms underlying this association remain to be fully
elucidated. Therefore, further investigations are needed to
uncover these mechanisms and their implications for therapeutic
interventions. This review will elucidate the relationship between
lipid metabolism and depression, providing a foundation for further
investigation in this area.

2 The role of lipid metabolism in
neurotransmitter systems,
neuroplasticity, and depression

Abnormal lipid metabolism influences the function of
monoamine neurotransmitter systems through multiple pathways.
The functionality of serotonin (5-HT) receptors is closely associated
with the cholesterol content of lipid rafts (14), where cholesterol
stabilizes the conformation of the 5-HT1A receptor and promotes
G-protein coupling, modulating inhibitory signaling in mood-
related brain regions. Omega-3 polyunsaturated fatty acids (such
as DHA) enhance synaptic membrane fluidity and optimize
serotonin transporter (SERT) activity. DHA deficiency may
exacerbate depressive phenotypes through neuroinflammation
(38). The dopamine system is similarly regulated by lipid
dynamics, with sphingolipids (e.g., ceramide) disrupting the
integrity of prefrontal cortical lipid rafts and interfering with the
localization of dopamine D1 receptors and cAMP signaling
pathways (39). Additionally, elevated triglycerides (TG) may
inhibit tyrosine hydroxylase activity through oxidative stress,
affecting dopamine synthesis (38).

The regulation of neuroplasticity is also closely linked to lipid
metabolism. Lipid peroxidation products (such as 4-
hydroxynonenal) inhibit the TrkB receptor signaling pathway,
impairing the function of brain-derived neurotrophic factor
(BDNF) (38). Omega-3 fatty acids upregulate BDNF expression
through epigenetic modifications (e.g., histone acetylation) while
inhibiting pro-inflammatory cytokines (39). Cholesterol sulfate
activates NMDA receptors to enhance dendritic spine formation,

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1589663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Luan et al.

with its deficiency in depression being associated with hippocampal
atrophy (14).

Gender differences in lipid metabolism significantly impact
depression risk. Higher levels of HDL-C in premenopausal
women exert neuroprotective effects through anti-inflammatory
actions of microglia (40). Estrogen supports synaptic repair by
promoting phospholipid synthesis and upregulating APOE
expression (39). After menopause, the decline in estrogen,
accompanied by a decrease in HDL-C and an increase in LDL-C,
exacerbates oxidative stress-related depressive symptoms (40).
Testosterone in males regulates hepatic lipase activity to maintain
TG homeostasis, and gonadal dysfunction may disrupt this balance,
increasing the risk of lipid-driven neuroinflammation (40). Age
further complicates the lipid-depression association. In older adults,
reduced sphingomyelinase activity leads to an increased ceramide/
sphingomyelin ratio, promoting neuronal apoptosis and white
matter hyperintensity (39). Omega-3 deficiency during
adolescence impairs myelination and prefrontal cortex
maturation, increasing susceptibility to stress-induced depression
(38). In elderly individuals, elevated very low-density lipoprotein
(VLDL) increases blood-brain barrier permeability, facilitating the
influx of neurotoxic lipids (39).

Personalized strategies targeting lipid metabolism must
consider gender and age differences. Omega-3 supplementation
(EPA: DHA > 2:1) is more effective in females, restoring
membrane phospholipid balance and modulating the HPA axis
(38). Statins (such as atorvastatin) improve depressive symptoms in
elderly males by reducing neurotoxic oxysterols (e.g., 27-
hydroxycholesterol) (39). PPAR-y agonists (such as pioglitazone)
enhance hippocampal neurogenesis in postmenopausal women
through adiponectin-mediated anti-inflammatory pathways (39).

3 Abnormal lipid metabolism in the
advancement of depression

3.1 Abnormalities in various components of
blood

3.1.1 Free fatty acids

FFAs are circulating fatty acids in the blood that do not bind to
lipoproteins or other molecules but play important roles in energy
metabolism, signal transduction, and other processes (41). FFAs,
derived from the breakdown of TGs and the phospholipids
degradation, are known for their lipotoxic effects. They can
traverse the blood-brain barrier either through passive diffusion
or via protein-mediated endocytosis, affecting endothelial
functions (42).

It is worth noting that P S Mueller et al. observed patients with
depression exhibited an average initial FFA concentration of 0.45 +
0.16 mEq/liter, markedly exceeding the normal value of 0.35 + 0.12
mEgq/liter (P < 0.01) (43). Similarly, X. Yao et al. reported that
consumption of a high-fat diet contributes to neurobehavioral
abnormalities in adolescents and induces structural changes in the
hippocampus. This occurs through the overactivation of microglia,
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which is associated with increased levels of free fatty acids in the
serum (44).

Meanwhile, Emerging evidence points to a lipid-centric
pathway in neurodegeneration driven by astrocytic mitochondrial
dysfunction (45). Astrocytes, primarily glycolytic, depend on
oxidative phosphorylation (OxPhos) for fatty acid (FA)
degradation via B-oxidation (45, 46). Disruption of this process,
as seen in Astrocyte-Specific Mitochondrial Transcription Factor A
Knockout (TfamAKO), causes lipid droplet (LD) accumulation,
particularly in the hippocampus and cortex, along with reactive
astrogliosis. Excess FA leads to elevated acetyl-CoA, promoting
STATS3 acetylation (K685) and phosphorylation (Y705), triggering
astrocyte reactivity and proinflammatory cytokine release (45).
Lipid-laden astrocytes disrupt homeostasis: neurons increase FA
oxidation (FAO), leading to oxidative stress and synaptic
dysfunction, while microglia are activated via IL-3 signaling from
astrocytes. Lipidomic analysis in TfamAKO mice reveals elevated
free FAs, and spatial analysis in 5xFAD mice links LD accumulation
to AP pathology-rich regions, where astrocytes show impaired FAO
and mitochondrial FA trafficking (45). Transcriptomic overlap
between TfamAKO and 5XFAD hippocampi indicates shared
pathways in lipid dysregulation, neuroinflammation, and synaptic
decline (47). This cascade highlights astrocytes as metabolic
regulators, with OxPhos deficiency initiating a feedforward loop
of lipid toxicity, neuroinflammation, and myelin loss through
suppressed FA/cholesterol synthesis. Targeting astrocytic FAO or
STATS3 acetylation could mitigate lipid-driven neurodegeneration
in depression (48). Collectively, these findings underscore the
pivotal role of dysregulated free fatty acids in depression-
associated neurodegeneration.

3.1.2 Cholesterol

Cholesterol is a waxy fatty substance generated by the liver that
performs several crucial functions in the body, including forming
cell membranes, synthesizing vitamin D, and producing hormones
(49). Optimal cholesterol levels are essential for receptor
functionality, synaptic plasticity, and myelination within the
central nervous system (50-54). The link between neuronal
dysfunction and depression is well-established (55, 56), and
numerous researches have explored the association between
cholesterol and neuronal deficits (57). There exists a hypothesis
suggesting that the association between depression and reduced
cholesterol levels might influence neural functions, positioning
cholesterol as a critical element in neurobiology (50). This review
will analyze the connections between cholesterol and depression
from three angles: low total cholesterol (TC), reduced HDL, and the
implications of both low cholesterol and low-density lipoprotein
(LDL) (58) (Figure 1C).

3121TC

Guey-Mei Jow et al. found that individuals with major
depressive disorder (MDD) presented lower TC levels,
establishing a negative correlation between Beck Depression
Inventory (BDI) scores and serum cholesterol levels. While this
might suggest that hypocholesterolemia could partially explain
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RBANS delayed memory score

Abnormal lipid metabolism in the process of depression. (A) Connections between gut microbiota, lipid metabolites, and cognitive function scores.
Reprinted from (170), licensed under CC BY 4.0. (B) Mediation model of total FFAs in the link between Akkermansia and cognitive functions.
Reprinted from (170), licensed under CC BY 4.0. (C) Association between total cholesterol and depression. Reprinted from (58), licensed under CC
BY 4.0. (D) HDL cholesterol levels in healthy individuals and those with various major depression subtypes. Reprinted from (69) with permission from
Elsevier. (E) Elevated triglyceride levels have been linked to cognitive decline in people with major depression. (i) Serum TG levels were notably
higher in MDD patients compared to healthy controls. (i) A significant correlation was found between serum TG levels and delayed memory score (r
= -0.267, p = 0.008). Reprinted from (97) with permission from Elsevier. Abbreviation: MoCA, Montreal Cognitive Assessment; FFAs, free fatty acids;

LLD, Late-Life Depression; ApoE, apolipoprotein E.

appetite reduction and weight loss frequently observed in depressed
patients, the pathophysiological implications remain unclear (59).
Mirel LB et al. subsequently suggested a potential link between
depressive states and cholesterol dysregulation, but the
directionality of this relationship needs to be elucidated (60).
Notably, the observed weight loss in depression-associated
dyslipidemia may reflect either a metabolic consequence of
appetite-related neurovegetative symptoms, malnutrition resulting
from depressive behaviors, or shared biological mechanisms
influencing both lipid metabolism and mood regulation (61-63).
On the contrary, M Soledad Cepeda et al. performed a large-
scale population study and found people with depression had
slightly higher levels of TC, higher levels of triglycerides, and
lower levels of HDL-C than people with no depression (64).
However, these outcomes were specific to the U.S. population,
and the limitations suggest that more investigations are needed to
validate these outcomes. Furthermore, Qun Zhang and associates
utilized logistic regression to assess the link between low cholesterol
levels and depression using NHANES cross-sectional data spanning
from 2005 to 2018. Their findings, however, did not support the
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hypothesis of a significant risk association between low cholesterol
levels and depression (58).

The relationship between low cholesterol levels and depression
remains inconclusive due to conflicting findings reported in the
existing literature. While some studies suggest an association
between hypocholesterolemia and depressive symptoms, others
have failed to establish a consistent or causal link (50-52, 65).
Current evidence does not provide strong support for clinically
significant concerns that cholesterol-lowering interventions may
increase the risk of depression. Nonetheless, further research is
warranted to clarify potential subgroup-specific effects and account
for confounding factors such as nutritional status, comorbid
metabolic disorders, and heterogeneity among depression
subtypes. These considerations highlight the need for longitudinal
studies with rigorous phenotypic characterization to resolve
discrepancies in the current body of research.

3.1.2.2 HDL
HDL is primarily produced by the liver and small intestine. Its
main structural protein, apolipoprotein (apo) Al forms the

frontiersin.org
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framework that carries phospholipids and cholesterol in HDL (66).
HDL particles in the blood are chiefly responsible for reverse
cholesterol transport (RCT), and HDL-C is a crucial component
reflecting HDL functionality (67). Emerging evidence suggests that
HDL dysfunction extends beyond atherogenicity to
neuroprogressive pathways. Mechanistically, HDL exerts anti-
inflammatory and antioxidant effects via apoAl and paraoxonase
1 (PON1), which inhibit lipid peroxidation and neutralize pro-
inflammatory cytokines like IL-6 (68). Depletion of HDL-C in
depression may impair these protective functions, exacerbating
neuroinflammation and oxidative stress—key drivers of synaptic
dysfunction and neuronal apoptosis (69, 70).

Clinical studies consistently report lowered HDL-C levels in
major depressive disorder (MDD), bipolar disorder (BPD), and
schizophrenia, with severity correlating with symptom chronicity
and treatment resistance (69, 70). For instance, Soili M Lehto et al.
posited a relationship between prolonged depression and reduced
levels of HDL-C, which appears independent of lifestyle factors
(69) (Figure 1D).

This association is further supported by findings in suicidal
MDD patients and first-degree relatives of BPD patients, where
HDL-C depletion coincides with cognitive deficits and
neuroprogression (71). Mechanistic insights reveal that reduced
activity of phosphatidylcholine (lecithin)-cholesterol
acyltransferase (LCAT) in MDD impairs cholesterol esterification,
diminishing HDL maturation and RCT efficiency (72).
Concurrently, decreased apoAl and PONI levels in depression
compromise HDL’s anti-inflammatory capacity, allowing IL-6-
driven neuroinflammation to persist (71). Cortisol hyperactivity
in MDD may further suppress HDL biogenesis by downregulating
hepatic apoAl expression (73).

HDL dysfunction disrupts lipid raft integrity in neuronal
membranes, altering serotonin receptor (5-HT1A) trafficking and
monoamine signaling (74, 75). Additionally, oxidized HDL particles
enriched in serum amyloid A (SAA) promote blood-brain barrier
permeability, facilitating peripheral inflammatory mediators’ entry
into the CNS (76, 77). Overall, HDL-C reduction in depression
reflects a multifactorial pathology involving LCAT/apoA1/PON1
dysfunction, cortisol-driven lipid dysregulation, and pro-
inflammatory HDL remodeling. Targeting HDL functionality—
rather than merely its plasma levels—may offer novel therapeutic
strategies to mitigate neuroprogression.

3.1.23 LDL

VLDL (very low-density lipoprotein), which is predominantly
synthesized and secreted by the liver, contains apoB-100 as its
primary structural apoprotein. Through sequential metabolic
processing in the circulation, VLDL undergoes lipolytic
modification to first convert into IDL (intermediate-density
lipoprotein) and subsequently matures into LDL (low-density
lipoprotein) (78). This metabolic cascade results in LDL
inheriting the apoB-100 protein while becoming enriched with
cholesterol esters. In contrast to HDL’s reverse cholesterol
transport pathway, LDL serves as the principal vehicle for
delivering hepatically-derived cholesterol to peripheral tissues (79,
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80). This systemic cholesterol distribution is particularly crucial for
maintaining membrane integrity in extrahepatic organs, including
providing essential support for nervous system function (81, 82).
Notably, emerging evidence suggests that LDL-mediated cholesterol
transport may play a supplementary role in neuronal membrane
maintenance under specific physiological conditions (83). In recent
years, LDL-C has been considered a contributing factor for
depressive symptoms for aging men (26). Adam Wysokinski et al.
found that high LDL-C was linked to depression (84). Contrarily, J.
Rabe-Jablonska and team observed that depressed subjects tended
to have lower levels of low-density lipoprotein cholesterol (LDL-C)
(85). The variability in results could stem from differences in
depression’s severity, demographic factors such as age and
gender, and behaviors like suicidality within the study cohort.

In pursuit of definitive conclusions, Claudia Johanna Wagner
and her group conducted supplementary studies that corroborated
the findings by A. Wysokinski et al., revealing elevated LDL-C levels
in depressed individuals (22, 84). Concurrently, Kim et al. proposed
that LDL-C levels might influence depression risk, particularly in
male adolescents (86). Their research indicated that boys with
borderline or high LDL-C levels were more likely to suffer from
depression compared to those with normative levels, suggesting a
potential association between increased LDL-C and depression risk.
Although this study has limitations, LDL-C could be regarded as a
routine parameter for evaluating and treating depression. These
discoveries establish a platform for further exploration into
personalized lipid metabolism-related therapeutic strategies for
emotional disorders and for monitoring treatment efficacy.

313TG

TGs are the primary circulating lipids in the blood, crucial for
adjusting energy equilibrium and stimulating the activity of
cholesterol transport proteins (87-89). In a study by Hyo Jung
Choi et al, serum apo B was notably positively correlated with
overall amyloid-f (AB) deposition in the brain. However, multiple
linear regression analysis showed that this correlation disappeared
when serum TG levels were designated as a control variable,
suggesting the apparent relationship between apo B and brain
amyloid burden is most likely via its effect on TG (90). Research
into the relationship between TG levels and depression has yielded
inconsistent findings. For example, Tiao-Lai Huang and colleagues
observed significantly elevated TG levels in the blood of individuals
suffering from MDD, correlating positively with the severity of
depression (91-93). Conversely, U.G.O. Ergiin et al. reported no
substantial differences in TG levels between MDD patients and
healthy controls (94). Further, some studies suggested that TG
levels in MDD patients were actually lower than those in healthy
controls (95).

Therefore, Charilaos Chourpiliadis et al. conducted a large,
population-based longitudinal cohort study, establishing a link
between increased TG levels and a heightened risk of depression
(96). Building on this epidemiological evidence, Tian Nan Shao
et al. discovered that augmented TG levels were linked to declined
cognitive abilities, particularly in memory and attention (97)
(Figure 1E), in individuals with major depression. These cognitive
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impairments may either exacerbate depressive symptoms or arise
from shared neurobiological mechanisms, such as disrupted lipid
metabolism affecting neuronal function and integrity. Building on
these findings, A. H. Behnoush et al. hypothesized that elevated
triglyceride (TG) levels could function both as a biomarker for
major depression and as a contributor to its pathogenesis, possibly
via dual pathways involving metabolic dysfunction and
neuroinflammation (98). Collectively, these studies delineate a
complex and multifaceted relationship between TG levels and
depression: elevated TG levels not only precede the onset of
depression but also correlate with its symptomatic severity and
underlying pathophysiological mechanisms. These findings
underline the necessity of monitoring TG levels in MDD patients
and suggest that TGs might serve as viable targets for
therapeutic intervention.

In addition, ketone body (KB), a metabolite of TG in the liver,
may also influence MDD (99). Under certain metabolic conditions,
the liver converts fatty acids into ketone bodies, which are capable
of crossing the blood-brain barrier and can serve as an alternative
energy source for the brain (100, 101). Recently, accumulating
evidence has highlighted alterations in the energy metabolism
profile among patients with MDD (38, 102, 103). Notably,
elevated levels of beta-hydroxybutyrate (BHB), a common KB,
have been observed in studies involving depression-related
models (104-106). Some preclinical studies conducted on rats
subjected to acute stress revealed a pronounced increase in BHB
levels within the prefrontal cortex (PFC) during the acute stress
response (107, 108). BDNF has been shown to be an important
molecule affecting the onset and progression of depression, and
Sleiman et al. identified BHB as a BDNF promoter acting on
HDAC2 and HDACS3 to have an effect on depression (31, 109).
In a comparative study involving adolescent (n = 11) and adult
patients (n = 21) with age-matched healthy controls, both MDD
groups demonstrated statistically significant elevations in plasma
BHB levels compared to controls (110). While it remains
challenging to directly attribute these findings to the
pathophysiology of MDD, the results suggest that acute stress
responses are associated with increased KB uptake, specifically
localized to the PFC.

Collectively, the evidence derived from both observational and
mechanistic studies indicates a potential association between
elevated triglyceride (TG) levels and depression, as systematically
outlined in Table 1. However, because of the limitations mentioned
above, additional investigations are necessary to confirm these
outcomes and explore the underlying mechanisms.

3.2 Abnormalities in metabolic process

3.2.1 Lipid peroxidation

Meta-analyses showed that one characteristic of MDD was an
increase in lipid peroxidation levels (111-113). Clinical
investigations and animal studies on depression have also
identified elevated levels of lipid peroxidation markers such as
malondialdehyde (MDA) and 8-isoprostane F2 (8-iso) (114-116).
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F2-isoprostanes, unique lipid peroxidation byproducts, are stable
compounds detectable in various biological fluids and tissues (117,
118). MDA, a derivative of the oxidation of apo B-containing
lipoproteins, reflects the rate of peroxide degradation (119, 120).
Although commonly used as a biomarker for lipid peroxidation,
MDA’s stability is less reliable than that of 8-iso-PGF2q, and it is
more susceptible to confounding factors such as dietary
antioxidants (117). Consequently, for assessing lipid oxidative
damage in human studies, measuring F2-isoprostanes is generally
more reliable (117, 118, 121). This is also one of the potential targets
to evaluate depression severity and the effects of
depression treatment.

At the outset, N. Dimopoulos et al. assessed whether depression
was associated with precursors such as 8-iso-PGF2o. (114). The
research highlighted that serum levels of 8-iso-PGFPGF20. were
notably higher in elderly individuals with depression compared to
the control group. Although the study provided initial evidence
linking depression with 8-iso-PGF20, it was limited by a small
sample size and the presence of comorbidities in some elderly
subjects that could skew the results. Additionally, the study did not
account for potential lifestyle factors like exercise and alcohol
consumption. To further explore this relationship, S. Yager et al.
conducted statistical controls for living habits, including body mass
index, alcohol consumption, and exercise, to exclude potential
influencing effects on these behaviors on the association between
depression and lipid oxidation (116). Further analyses, controlling
for these variables, demonstrated that 8-iso-PGF20. serum levels
were significantly elevated in the depression cohort compared to the
control group. However, within the depression group, there was no
significant correlation between the severity of symptoms and 8-iso-
PGF2a levels, suggesting the presence of a threshold effect rather
than a dose-response relationship.

The link between depression and lipid peroxidation is not yet
fully understood, but researchers have proposed several possible
explanations. One theory posits that clinical depression may be
linked to behaviors that contribute to oxidative damage, such as
smoking, alcohol intake, and a lack of physical activity (122).
However, in the examined sample, these behaviors were not
correlated with levels of 8-iso-PGF2q, and adjusting statistically
for these variables did not diminish the established association
between depression and 8-iso-PGF2a. It is also hypothesized that
depression could stimulate the production of reactive oxygen
species (ROS), thereby leading to heightened lipid oxidation
(123). In addition, depression may indirectly influence oxidative
stress (OS) by promoting inflammatory responses (116).

3.2.2 Reverse cholesterol transport

RCT processes are crucial for moving excess cholesterol from
extrahepatic tissues and macrophages back to the liver for metabolic
breakdown and excretion (124). HDLs are heterogeneous density
lipoproteins with varying size and composition. HDL is important
in RCT as it serves as a carrier for cholesterol returning to the liver.
Apo AL produced by the liver and intestines, can aggregate
cholesterol and activate cholesterol esterification enzyme LCAT
(125-127). LCAT catalyzes the esterification of cholesterol and
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TABLE 1 The diagnostic role of lipid metabolism-related biomarkers in depression.

Biomarkers Depressive change Biological mechanism Reference
FFAs Increase Blood The microbiome-gut-brain axis (43)
HDL Decrease Blood Inflammatory response (70)
HDL-C Decrease Blood Inflammatory response (70)
LDL Increase Blood Immunore action and serotonergic dysfunction (85)
LDL-C Increase Blood Immunore action and serotonergic dysfunction (85, 86)
TG Increase Blood The metabolic and inflammatory processes in the brain (96-98)
MDA Increase Blood Lipid peroxidation (115)
8-iso Increase Blood Oxidative damage and inflammation and lipid peroxidation (114)
1L-6 Increase Blood Oxidative damage and inflammation (114)
BA Decrease Blood The microbiome-gut-brain axis, immune system and homeostasis regulation (326)
Apo A Decrease Blood Genetic factors or metabolic defects cause periodic cerebral hypoxia (149)
Omega-3 PUFA | Increase Blood Modulating purine metabolic, sinflammatory processes and lipid peroxidation (158)
(159-161)
Fatty Decrease Blood Fatty acid metabolism (160)
acid metabolism
Inosine Decrease Blood Regulates purine metabolic pathways. (160)
Regulates the release of neurotransmitters such as glutamate and serotonin,
synaptic plasticity, and inflammatory processes
Tryptophan Decrease Blood The dysfunction of serotonergic system contributes to the development of (160)
depression, and the synthesis of serotonin in the CNS is dependent on the
utilization of tryptophan—the biochemical precursor of serotonin —from
plasma to brain
Interleukin-1 Decrease Cerebrospinal = Nflammatory response (327)
beta (IL-1B) fluid
DHEA Tryptophan levels were Saliva HPA axis (328)
Decreased in adult MDD, but and plasma
unchanged in child and
adolescent MDD

incorporates cholesterol esters into HDL, thereby aiding in HDL
formation and maturation (128) (Figure 2A). RCT involves lipid-
free Apo AI gathering cholesterol and phospholipids to create
nascent HDL particles (127), which then mature into spherical
HDL (129) (Figure 2B). This process is crucial for cholesterol
homeostasis and cardiovascular disease prevention, with LCAT
playing a significant role in both RCT and HDL maturation (128,
130)C (Figure 2C).

Maes et al. revealed that the ratio of HDL to TC was reduced in
individuals with MDD, suggesting that MDD may be associated
with impaired RCT function and an elevated risk of atherosclerosis
(131). Ketsupar Jirakran et al. reported a reduction in RCT in MDD
and suicidal behavior (132). Abbas F. Almulla et al. reached a
consistent conclusion that MDD characteristics, including HDL,
PONI1, Apo A, and LCAT activities, were significantly reduced in
RCTs (130). The reduction in RCT may be a pivotal factor in MDD,
as it can lead to abnormal cholesterol accumulation in the body,
promoting lipid peroxidation and the production of more lipid
peroxidation products like MDA. These products have neurotoxic
effects and may impair mitochondrial function, leading to declined
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energy production and increased production of ROS. This can
create a self-reinforcing cycle of increased neurotoxicity (71, 133).

The decrease in RCT may be due to an increased inflammatory
response, which induces a reduction in the activity or levels of RCT-
related molecules such as Apo AI (134) (Figure 2D). Alternatively,
lipid peroxidation resulting from OS can damage lipids in the cell
membrane, thereby impairing normal cholesterol transport. In
individuals with depression, levels of antioxidants like vitamin E
and coenzyme Q10 are often lower, which may diminish their
ability to combat OS and indirectly affect RCT (135). In conclusion,
the reduction in RCT may result from multiple depression-related
factors, including immune activation, OS, and declined antioxidant
defenses. These changes not only affect cardiovascular health but
may also exacerbate depressive symptoms and neurodegenerative
processes (130) (Figure 2E).

3.2.3 Lipid oxidation abnormalities

Furthermore, depression has been associated with the activation
of innate immune responses and mild systemic inflammation (136).
In vivo studies utilizing animal models of inflammation and
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FIGURE 2

Abnormal metabolic processes during the occurrence of depression. (A) Reaction steps of LCAT on HDL surfaces are as follows: E denotes LCAT in
solution and bound to HDL lipid surfaces. E* represents the apoA-I-activated LCAT form, while E*-acyl indicates the acylated enzyme. PC and C are
LCAT's lipid substrates, with lyso-PC and CE as the reaction products. Reprinted from (128) with permission from Elsevier. (B) The traditional reverse
cholesterol transport model involves three steps: (1) efflux of macrophage free cholesterol to apolipoprotein Al through the ATP-binding cassette
transporter A1 (ABCAL), resulting in nascent high-density lipoprotein (nHDL); (2) conversion of nHDL to spherical HDL through esterification by
phosphatidylcholine (lecithin)-cholesterol acyltransferase (LCAT); and (3) selective hepatic uptake of HDL cholesterol esters via scavenger receptor
class B type 1 (SR-B1). Reprinted from (129), licensed under CC BY-NC 4.0. (C) Schematic representation of the reverse cholesterol transport (RCT)
pathway. CE: Cholesteryl ester, CHO: Cholesterol, FC: Free cholesterol, HDL: High-density lipoprotein, Apo: Apolipoprotein, LCAT: Lecithin—
cholesterol acyltransferase, ABC: ATP-binding cassette transporter, PON1: Paraoxonase 1. Reprinted with permission from ref (130). Copyright 2023
Elsevier. (D) Cholesterol balance and inflammation regulation. Reprinted from (134), licensed under CC BY-NC 4.0. (E) Summary of the impact of
reverse cholesterol transport (RCT), reduced lipid antioxidants, and elevated lipid peroxidation on the pathophysiology of major depression and

bipolar disorder. Reprinted from (130) with permission from Elsevier.
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infection have indicated that systemic lipid oxidation is an integral
part of the host response to such conditions (137). As a result, S.
Yager et al. proposed that depression might increase oxidized lipid
levels by stimulating inflammatory pathways (116). Additionally,
individuals with clinical depression may be more prone to behaviors

that cause oxidative damage.
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Psychological stress is linked to elevated OS in both animal and
human models and has been widely reported (138). In addition,
depression is often linked to OS (138-140), particularly lipid
oxidation (114, 119, 120). Thus, psychological stress may
influence the development of depression by triggering abnormal
lipid oxidation. Recent investigations have indicated that
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individuals with advanced depression exhibit a significant
imbalance in OS, characterized by elevated levels of free 8-iso-
prostaglandins (a lipid peroxidation product) and declined activity
of glutathione peroxidase, an important antioxidant defense
mechanism (141-143). This imbalance can lead to oxidative-
mediated central nervous system (CNS) damage, which is further
supported by declined cognitive abilities and more severe depressive
symptoms in these individuals. Therefore, interventions aimed at
reducing OS may offer potential neuroprotective effects for
individuals with depression (144). However, one study reached an
opposing conclusion. Black et al. detected no variation in the levels
of F2-isoprostane or in the use of antidepressants between the
control group and individuals with depression. This large-scale
study indicated that there was no increase in OS levels in MDD and
anxiety disorders. In addition, the use of antidepressants was related
to reduced oxidative DNA damage, indicating that these
medications might have antioxidant properties (145).

Overall, there is a complex interaction between depression and
abnormal lipid oxidation. Although the exact causal relationship
remains incompletely understood, reducing OS and improving
antioxidant capacity are both potentially relevant for the
prevention and treatment of depression (130) (Figure 2D). More
researches are needed to further explore the specific mechanisms
underlying this relationship in order to offer new strategies for
treating depression.

3.3 Abnormalities of lipid metabolism-
related molecule

3.3.1 Lipid regulatory proteins

LRPs are primarily composed of a variety of apolipoproteins,
which are important in the structural stability and metabolic
regulation of lipoproteins. They fulfill this function by binding to
membrane receptors and regulating enzyme activity. A study by
Veni Bharti et al. suggested that certain lipid parameters in
individuals with MDD underwent changes, which may be linked
to the function of lipid regulatory proteins (146). Sevincock and
Sarandol revealed different outcomes in the levels of apo A (one of
the subgroups of HDL-C) and apo B (the major protein of LDL-C)
in individuals with MDD, with serum apo A levels being lower in
individuals with depression (120, 147). What’s more, W E Severus
et al. revealed that although there was no dramatic difference in
serum apo B levels between individuals with depression and the
control group, there were changes in apo B oxidation and serum
paraoxonase/arylesterase activity in individuals with MDD,
suggesting abnormal lipoprotein metabolism (148).

Due to a lack of evidence and controversial results from earlier
studies, Masoumeh Sadeghi et al. designed a study to compare
serum apolipoprotein levels between individuals with depression
and healthy subjects (149). These results indicated a strong link
between serum lipoprotein levels and depression. Regarding lipid
profiles in individuals with MDD, findings demonstrated that
serum levels of HDL-C and apo A were lower, whereas levels of
LDL-C and apo B were higher compared to controls. Given that apo
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A and apo B are principal components of HDL-C and LDL-C,
respectively, these findings align with theoretical expectations (150).
Bio-inspired carbon dots, designed by Xiaoyan Wu et al., enable
real-time detection of malondialdehyde (MDA), revealing that
increased lipid peroxidation, as indicated by elevated MDA levels,
is closely associated with lipid metabolism abnormalities and the
progression of depression (Figure 3A) (143).

These findings demonstrate a significant association between
depression and altered serum lipoprotein profiles. In particular, the
severity of depression appears to be correlated with increased serum
apo B 100 levels and declined serum apo Al levels (62, 151).
Although there are still many limitations, these findings provide
new insights for future studies on depression.

3.3.2 Polyunsaturated fatty acid

PUFA, including long-chain omega-3 fatty acids, alpha-
linolenic acid (ALA), and omega-6 fatty acids, play a regulatory
role in neurotransmitter metabolism and synaptic processes
through modulation of synthesis, release, reuptake, and receptor
binding, while also play a role in maintaining brain structure and
function (152, 153). Veni Bharti et al. Research by Veni Bharti and
colleagues has shown that individuals with MDD display reduced
PUFA levels (146, 154), and that increasing dietary intake of
unsaturated fatty acids (FAs), particularly PUFAs, has been linked
to a decreased risk of depression (155-157).

M Maes et al. demonstrated that individuals with MDD had
lower omega-3 PUFAs levels in serum phospholipids and
cholesteryl esters. Omega-3 PUFAs are essential for brain
function and are believed to potentially influence depressive
symptoms (158). Similarly, Shoko Tsuchimine et al. demonstrated
that levels of omega-3 PUFAs and omega-6 PUFAs were declined in
MDD patients (159). Based on these findings, Xinyu Zhou et al.
further investigated this issue by conducting a metabolic analysis of
plasma samples (160). Compared to healthy controls, individuals
with MDD had notably declined levels of EPA and inosine,
indicating that omega-3 PUFAs may influence depression
through modulation of purine metabolism. Previous reports have
linked omega-3 PUFA depletion to inflammation and lipid
peroxidation in depression (161). Correspondingly, several studies
have indicated that supplementation with omega-3 PUFAs is
associated with a lower incidence of depression or mitigation of
depressive symptoms in adults (162-164). Further research by
Lingsi Zeng et al. proposed that eicosapentaenoic acid (EPA) may
exert a therapeutic effect on depression independently, whereas
ALA could potentially increase depression risk (165). Additionally,
the studies found no link between overall omega-6 PUFA levels and
the risk of depression, though Adrenic Acid, a specific omega-6
PUFA, was associated with a reduced depression risk. Similarly,
children and adolescents diagnosed with MDD also showed
significant disruptions in these metabolic pathways, leading
researchers to propose inosine as a potential diagnostic
biomarker, as illustrated in Figure 3B (160).

Current research highlights a significant association between
polyunsaturated fatty acid (PUFA) levels and depression.
Observational studies consistently report lower concentrations of
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omega-3 PUFAs in individuals diagnosed with depressive disorders
compared to non-depressed controls. Systematic reviews have
corroborated this correlation across numerous epidemiological
studies (166). However, the underlying causal mechanisms
remain under active investigation. Future research on how to
reduce depressive symptoms through modulation of PUFA levels
holds promise.

3.4 Abnormalities of lipid metabolism of
gut microbiota

Recent studies have highlighted the gut-brain axis as a crucial
concept in understanding brain function and the pathogenesis of
various neuropsychiatric disorders (167) (Figure 1B). This axis
regulates the gut microbiota and brain function bidirectionally
through neural anatomical pathways, neuroimmune and
neuroendocrine routes, the intestinal mucosal barrier, microbial
metabolites, and the blood-brain barrier. It has been shown that the
gut microbiota is closely linked to cognitive function. For instance,
Lactobacillus rhamnosus has been demonstrated to regulate
cognitive function in anxious-depressed mice (168). Additionally,
emerging evidence underscores the gut microbiota as a key
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regulator of lipid metabolism, particularly in the context
of depression.

Studies have shown that chronic social defeat stress (CSDS) in
mouse models induces gut microbiota dysbiosis, characterized by
an increase in Bacteroidetes and a decrease in Firmicutes and
Actinobacteria. This dysbiosis is associated with depressive-like
behavior, driven by metabolic reprogramming that includes the
accumulation of fatty acids and dysregulated glycerophospholipid
metabolism (169). Glycerophospholipids, such as PC, PG, and P, in
the colon are critical in depression, influencing neuronal membrane
stability and signal transduction (169).

In elderly patients with depression, a recent cross-sectional
study revealed that reduced abundance of Akkermansia in the gut
microbiota leads to increased levels of free fatty acids (FFA),
contributing to cognitive decline (170) (Figure 1A). Mediation
analysis further indicated that the impact of Akkermansia on
cognitive function in late-life depression (LLD) is mediated by
FFA (170). In a depressive-like monkey model, significant changes
in the gut microbiota were observed, and lipidomic analysis
revealed abnormal lipid metabolism in brain regions (171).
Specifically, the prefrontal cortex (PFC) exhibited notable
alterations, including a marked increase in 1,2-diacylglycerol
(DG) levels. The DG-related pathways in the PFC, such as LPC-
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PC-PA-DG-TG, were significantly activated, while DG degradation
pathways, like DG-PC-LPC, were suppressed (171). These
alterations in DG levels and structure disrupt membrane fluidity
and signaling pathways, positioning DG as a molecular hub for
depressive-like behavior (171). Co-occurrence network analysis
further showed that Myoviridae and Prevotellaceae were
associated with PFC-DG and negative emotional clustering (171).
This suggests that the gut microbiota regulates PFC function
through lipid metabolic remodeling, particularly via the DG
pathway, providing a new perspective on the gut-brain axis in
depression (171).

Additionally, a study by Ke Hu et al. investigated the effects of a
high-fat diet combined with stimulation over 16 weeks in ApoE-/-
mice. They found that gut microbiota changes, particularly the
influence of Desulfovibrio and Akkermansia, along with
disturbances in lipid metabolic pathways in the prefrontal cortex
and hippocampus, led to the manifestation of atherosclerosis
combined with depressive symptoms in the mice (172). This
study further supports the involvement of the gut microbiota in
atherosclerosis-related depression and reinforces the concept of the
“microbiota-gut-brain” axis.

In conclusion, the gut microbiota plays a critical role in lipid
metabolism regulation, which significantly influences the
pathophysiology of depression. The gut-brain axis, mediated by
microbial metabolites and metabolic changes, highlights the
importance of microbial diversity in mental health and offers
promising therapeutic avenues. Dysbiosis, triggered by chronic
stress, alters lipid metabolism—particularly glycerophospholipids
like diacylglycerol—and provides a molecular framework for
understanding the metabolic disturbances in depression.
Moreover, emerging evidence linking gut-derived factors, such as
Akkermansia and free fatty acids, to cognitive decline in elderly
individuals with depression suggests the gut-brain axis as a potential
target for treating depression-related cognitive impairments.
Despite these advances, several questions remain. The exact
molecular mechanisms through which the gut microbiota
influences lipid metabolism and brain function, especially in
different depression subtypes, need further investigation.
Additionally, translating these findings into clinical therapies,
such as microbiota-based treatments or lipid-targeting
interventions, poses a significant challenge.

4 The role of abnormal lipid
metabolism in the diagnosis of
depression

Now, MDD diagnosis depends entirely on symptoms and clinical
presentation, leading to a high rate of misdiagnosis (173).
Furthermore, discovering clinically meaningful diagnostic
biomarkers for MDD remains a great challenge. Therefore, research
is focused on identifying diagnostic markers for MDD (174, 175).

TIAO-LAI HUANG et al. reported that there were no
significant differences in VLDL, LDL, TC, TG, and HDL lipid
concentrations, the TC/HDL ratio, or other lipid-related
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parameters, such as the LDL/HDL ratio, between patients with
MDD and normal control subjects. Among treatment-naive MDD
patients exhibiting depressive characteristics, males demonstrated
higher levels of TG and VLDL, while females exhibited lower levels
of HDL. These findings suggest that these lipid profiles may serve as
potential biomarkers for distinguishing patients with atypical
depressive features (91, 92). Additionally, the results indicate
possible sex-based differences in lipid concentrations among
individuals with MDD (176). Currently, serum HDL-C and LDL-
C levels have been investigated as predictive factors for MDD (43).
In addition, Xinyu Liu et al. identified a lipid panel consisting of
LPE 20:4, PC 34:1, PI 40:4, SM 39:1,2 and TG 44:2 as possible
diagnostic biomarker (93). This combination marker shows good
sensitivity and specificity and can distinguish between MDD
individuals and healthy controls, making it a strong candidate for
lipid-based clinical diagnosis of MDD. In addition, previous studies
also showed reduced levels of omega-3 PUFAs and omega-6 PUFAs
in individuals with MDD. according to previous studies (159). A
deficiency in omega-3 PUFAs is associated with inflammation and
lipid peroxidation in depression (161). Thus, omega-3 PUFAs may
also serve as potential biomarkers.

It is worth noting that children and adolescents often respond to
depression treatment differently from adults (177). One explanation
for this difference could be the varying pathophysiological
mechanisms of depression between adults and adolescents (178,
179). In pursuit of identifying metabolic changes specific to
depression in children and adolescents, it becomes crucial to
explore potential biomarkers that reflect these alterations. In this
context, Xinyu Zhou et al. undertook an innovative study to
discover potential biomarkers for MDD in this demographic by
analyzing plasma samples metabolically (160). Their results
indicated that, compared to their healthy counterparts, children
and adolescents with MDD exhibited significantly reduced levels of
capric acid, cis-9-palmitoleic acid, carnitine dodecanoic acid, oleic
acid and palmitic acid involved in the fatty acid beta-oxidation
pathway (160). Considering these outcomes, investigators suggest
that downregulation of fatty acid beta-oxidation could serve as a
possible diagnostic criterion for MDD in children and adolescents.

In addition, alterations in lipid metabolism may also involve
metabolites related to energy metabolism. Najaf Amin et al. have
indicated that gut microbes are crucial in modulating blood lipid
levels and that the gut microbiome community is dysregulated in
individuals with depression (180). These changes in metabolites not
only act as biomarkers for depression but may also offer novel
insights into the pathogenesis of the condition. Such findings could
enhance the diagnosis of depression and aid in the invention of
novel medications.

5 The role of lipid metabolism in
comorbidities of depression and other
diseases

Extensive longitudinal and cross-sectional research has
consistently demonstrated a frequent co-occurrence of depression
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with obesity and metabolic syndrome (181, 182), suggesting shared
pathophysiological processes between metabolic disruptions and
persistent low-grade “metabolic” inflammation (181). Notably, a
cross-sectional study highlighted that individuals with depression,
particularly those with anhedonia, showed a higher occurrence of
metabolic syndrome (183, 184). Additionally, Luppino FS et al.
confirmed the link between depression and obesity, revealing that
depression may be a precursor to obesity (185). The metabolic
alterations associated with abdominal fat accumulation in obese
patients, such as hypertriglyceridemia and declined levels of HDL-
C, have been well documented (186). These findings underscore the
need for a holistic approach to treating MDD, taking into account
the significant metabolic components involved. Such insights could
lead to more effective interventions for addressing both mental
health and metabolic disturbances.

5.1 Tuberculosis

TB is a chronic inflammatory condition caused by
Mycobacterium tuberculosis (Mtb), posing a serious health risk
(187). Epidemiological studies highlight a high incidence of
depression and anxiety among TB patients (188), suggesting
bidirectional interactions between mental disorders and TB
pathophysiology. Mechanistically, lipid metabolic reprogramming
serves as a critical nexus linking depression and TB susceptibility.

During TB infection, Mtb enters alveolar macrophages (M®s)
and induces a “foamy” phenotype characterized by lipid body
accumulation (189-191). These lipid droplets are hydrolyzed by
bacterial lipolytic enzymes to release fatty acids, which fuel Mtb
persistence and cell envelope synthesis (192-194). Notably, host
peroxisome proliferator-activated receptor gamma (PPAR-y), a
lipid-activated nuclear receptor, is upregulated in Mtb-infected
M®s via TLR2 signaling, promoting lipid droplet biogenesis and
bacterial survival (195-197).

Depression exacerbates this lipid-centric pathophysiology
through neuroimmune crosstalk. Depressive states activate
microglia and peripheral M®s via TLR-mediated pathways (198,
199), mirroring Mtb-induced immune responses. Chronic
depression alters phospholipid metabolism, reduces serum
polyunsaturated fatty acids (PUFAs), and disrupts thyroid
hormone-regulated lipid profiles (51, 200-202), creating a lipid
milieu favorable for Mtb persistence. For instance, omega-3 PUFA
deficiency in depression diminishes anti-inflammatory
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA),
while elevating pro-inflammatory arachidonic acid (AA)
metabolites (203-205). In TB, AA-derived eicosanoids like
prostaglandin E2 (PGE2) and lipoxin A4 (LXA4) regulate M®
death modalities: PGE2 promotes apoptosis (limiting bacterial
spread), whereas LXA4 induces necrosis (facilitating Mtb
dissemination) (206-209). Depression-associated PUFA
imbalance may skew eicosanoid production toward LXA4
dominance, exacerbating lung damage through uncontrolled M®
necrosis (207).
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Dietary interventions targeting lipid metabolism represent a
therapeutic avenue. Antidepressants like fluoxetine paradoxically
induce hepatic lipid accumulation (210), underscoring the need for
precision in pharmacological strategies. Omega-3 PUFA
supplementation may restore AA/PGE2-LXA4 equilibrium,
simultaneously ameliorating depressive symptoms and enhancing
TB containment (205, 211).

In summary, depression remodels host lipid metabolism via
TLR/PPAR-y signaling and PUFA dysregulation, fostering an
intracellular niche for Mtb survival while impairing anti-
mycobacterial immunity. Targeting lipid droplet formation,
PUFA metabolism, and eicosanoid balance may break this vicious
cycle, offering dual benefits for comorbid depression and TB
(212-214).

5.2 Cancer

Lipid metabolism reprogramming is a dramatic feature of
malignant tumors (215), and tumor growth is intricately related
to abnormal lipid metabolism (216, 329). Ferroptosis, a mode of
non-apoptotic cell death characterized by high lipid peroxidation, is
implicated in cancer development, progression, and treatment (217,
218). Interestingly, disorders in ferroptosis are also linked to the
onset of depression (219, 220). Therefore, there is a connection
between lipid metabolism and breast cancer-related depression
(BCRD). Research has found that quercetin, present in Xiao Yao
San, targets the lipid metabolism-associated gene PTGS2, inhibits
neuronal ferroptosis, and improves the immune response, thereby
alleviating BCRD (36, 221). Moreover, Ye et al. explored the
interaction of hepatic epoxide metabolism between depression
and breast cancer, highlighting the important role of epoxide
metabolism in these comorbidities (222).

Dietary interventions, particularly the intake of omega-3 FAs,
are considered potential adjunctive methods for mitigating the
effects of comorbid depression and lung cancer, as omega-3 FAs
are believed to have mood-regulating benefits (166, 223). Some
studies have explored the link between omega-3 addition in cancer
patients and psychological symptoms. In a related study, Meihui
Zhang et al. observed that dietary interventions enriched with
omega-3 FAs could enhance the physical and mental well-being
of individuals with squamous cell lung cancer who also suffer from
comorbid depression (224). Moreover, the study noted no marked
difference in overall serum omega-3 levels between cancer patients
with major depression and those without. However, the levels of
DHA were significantly elevated in the group with mild depression
compared to the other groups (225).

However, some epidemiological studies have reached opposite
conclusions (226). Suzuki S et al. found no significant relationship
between the total consumption of DHA and EPA and the
occurrence of depression in patients recently diagnosed with lung
cancer. These findings suggested that DHA and EPA intake did not
influence the susceptibility of Japanese cancer patients to
depression. Given that Japanese diets typically include higher
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levels of fish consumption, the antidepressant effects of DHA and
EPA may not be as clearly demonstrated in Japanese individuals
(226). Moreover, research involving breast cancer patients
demonstrated a significant correlation between increased
depression scores and higher total blood levels of omega-6 and
ALA, yet no correlation with omega-3 levels was observed (227).
Findings by Josée Savard et al. similarly did not confirm the efficacy
of omega-3 supplements in reducing depression associated with
cancer (228).

5.3 Stroke

Globally, stroke is the leading cause of disability and presents a
significant health challenge (229). Post-stroke depression (PSD) is a
common psychiatric issue affecting approximately 33% of stroke
survivors, profoundly affecting their daily lives and social interactions
(230-232). Investigations have found that individuals with PSD typically
had lower levels of HDL-C upon admission (233, 234). However, Shen
Huiping et al. demonstrated that the levels and ratios of TG, TC, apo Al,
and apo B were not associated with PSD (235, 236). Additionally, the
LDL/HDL ratio is considered a useful predictive biomarker for PSD,
suggesting that abnormalities or changes in cholesterol transport may be
associated with depression (236).

The influence of lipids on PSD could be mediated through
multiple mechanisms. Cholesterol, essential for cell membranes and
myelin, plays a key role in maintaining plasma membrane fluidity
and synaptic functionality (237, 238). Reductions in cholesterol
levels may diminish serotonin 5-HT1A receptor binding, disrupt G-
protein coupling, and reduce the activity of the 5-
hydroxytryptamine transporter (239, 240). Consequently, lower
serum cholesterol levels may adversely affect brain lipid
concentrations and cell membrane fluidity, impacting
serotonergic neurotransmission (241, 242)and potentially
contributing to PSD. Wenxia Jiang and collaborators have
associated PSD with fecal metabolomic changes, particularly
concerning lipid metabolism and dysbalances in gut microbiota
(243). Additionally, serum HDL-C levels were distinctly associated
with inflammatory markers such as zinc and albumin (244). Low
HDL-C levels have been connected to low-grade inflammation,
mediated by interleukin-6, which is prevalent in depression (245).
HDL-C also correlates with immune markers like the CD4+/CD8+
T-cell ratio (246), indicating a link between lower HDL-C and
inflammation in PSD. HDL has antioxidant properties that
safeguard LDL from oxidative damage and help eliminate
oxidized lipids, thereby inhibiting the generation of intracellular
ROS. The levels of HDL-C may reflect the antioxidative activities of
HDL (247). OS associated with stroke is fundamental to the
pathophysiology of depression (111, 248). Under OS conditions,
abnormal alterations in lipids (such as FAs and TGs) can induce
neurotoxicity and neurodegeneration, as observed in PSD. Studies
found that during acute ischemic stroke, the imbalance between
oxidants and antioxidants could further disrupt monoamine
reactions by reducing dopamine and serotonin concentrations.
This oxidative damage cycle may contribute to PSD (249, 250).
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5.4 Type 2 diabetes mellitus

Individuals with diabetes have a heightened risk of depression
compared to the general population; conversely, depression also
significantly increases the risk of developing diabetes (251).
Depression not only exacerbates dysglycemia but also increases
disability and mortality in diabetic individuals (252). A study
conducted in Lithuania revealed significant associations between
the emotional states and lipid levels among individuals with
T2DM, particularly among females (253). Clinical observations
indicated that caution should be exercised when prescribing
antidepressants, as misuse could lead to or worsen metabolic
dysregulation (254, 255). A Mendelian randomization study from
European cohorts confirmed a causal link between TGs, cholesterol
levels, and depression phenotypes, indicating that these metabolic
factors may bridge the connection between T2DM and depression,
potentially mediating their association (256). Further, Wenyu Huang
and colleagues identified a causal association linking T2DM with
altered lipid profiles, specifically lower HDL-C levels and elevated
LDL-C and TG levels (257). Anita NZ et al. found a significant
relationship between the severity of depressive symptoms and major
depressive episodes in T2DM patients, associated with an oxylipin
profile reflecting the degradation of pro-resolving lipid mediators by
soluble epoxide hydrolase (258). Additionally, the triglyceride-
glucose (TyG) index, a measure of the relationship between fasting
plasma TG and glucose levels (259, 260), was independently linked to
a higher prevalence of depression among T2DM patients, as reported
by Jiaju Ren et al. (261). Notably, supplementation with omega-3 fatty
acids, particularly eicosapentaenoic acid (EPA), has been shown to be
a safe and effective strategy to reduce depression occurrence in T2DM
patients and assist in managing the condition (262).

It is notable that due to the overlap in symptoms between
depression and metabolic syndrome (MetS), some researchers have
proposed reclassifying depression as “metabolic syndrome type II”
(263, 264). Within this framework, PON1, an antioxidant enzyme
synthesized by the liver and associated with plasma HDL-C, plays a
significant role. PON1 is linked to various conditions including
cardiovascular disease (CVD), atherosclerosis, insulin resistance,
depression, and T2DM (265-267). Typically, individuals with
depression show reduced PON1 and HDL-C levels (70, 268).
Similarly, those with diabetes exhibit lower PON1 and HDL-C
levels and higher TG levels, correlating with increased oxidized LDL
(ox-LDL), atherosclerosis, CVD, and insulin resistance (269). Thus,
depression in T2DM may stem from metabolic dysfunctions/MetS
alongside diminished PON1 and HDL-C levels.

5.5 Non-alcoholic fatty liver disease

NAFLD has emerged as the most common chronic liver
condition globally, impacting roughly one-fourth of the
population (270). It is intricately associated with metabolic
dysfunctions linked to obesity and demonstrates a bidirectional
connection with various comorbidities (271, 272). Recent
investigations have highlighted a significant correlation between
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NAFLD and MDD, suggesting that NAFLD might independently
elevate the risks of anxiety and depression (273). Conversely,
individuals diagnosed with depression are found to be at
increased risk for developing NAFLD (274). Additionally, Youssef
et al. reported that out of 567 patients with NAFLD, over half
exhibited subclinical depression and 14% suffered from clinical
depression (275). Analysis of liver biopsy specimens showed that
both subclinical and clinical depression correlated with intensified
liver cell damage (275, 276). More importantly, depression has been
shown to exacerbate liver damage in NAFLD patients (251,
252, 277).

The potential mechanism linking NAFLD and depression may
involve alterations in metabolic pathways and inflammatory responses.
For instance, studies have demonstrated that chronic unpredictable mild
stress (CUMS) in rodent models leads to transcriptional changes in key
metabolic enzymes, thereby increasing the synthesis of hepatic fatty
acids (278).Chronic stress in murine models has been linked to
increased hepatic TGs and cholesterol levels, coupled with a decrease
in total visceral fat (279). Su et al. reported that depression aggravates
hepatic steatosis in mice and contributes to NAFLD progression by
stimulating the HPA axis (280).

Bile acids (BAs) play a crucial role as detergents in lipid
digestion and are known to exhibit abnormal metabolic patterns
in individuals with NAFLD (281). Beyond their hepatic functions,
BAs also exert neuroprotective effects in the brain (282, 283).
Notably, cerebral dysfunction has been identified as a potential
extrahepatic symptom of NAFLD (284). In CUMS models,
significant elevations in serum bile acid levels have been observed,
indicating a stress-related dysregulation of BAs (285). Moreover,
the role of bile acid receptors such as the Farnesoid X receptor
(FXR) and G protein bile acid-activated receptor 1 (GPBARI) is
crucial in regulating inflammatory responses and metabolic
disruptions, including lipid imbalances, across both hepatic and
neural environments. This highlights the extensive systemic
influence of bile acids, affecting a spectrum of physiological and
pathological conditions (284).

In experimental settings, mice fed a high-cholesterol diet
exhibited signs of hepatic lipid dysregulation and inflammation,
indicative of NAFLD, alongside behaviors resembling depression
and anxiety. Concurrently, an increase in toll-like receptor 4 (TLR4)
expression was observed in both the brain and liver of these animals
(286, 287). However, treatment with the insulin receptor sensitizer
dicholine succinate effectively countered the elevation of TLR4 and
alleviated the anxiety and depressive symptoms induced by the
high-cholesterol diet (288, 289).

Antidepressants significantly impact the pathophysiology of
NAFLD. Notably, imipramine, by activating the FAM3A-ATP-P2
receptor-CaM-FOXA2-CPT2 pathway, decreases lipid accumulation
in hepatocytes, suggesting its potential as a beneficial antidepressant
for individuals with concurrent metabolic disorders (290). In contrast,
fluoxetine, a widely prescribed selective serotonin reuptake inhibitor
(SSRI) for depression, is associated with an increased incidence of
metabolic conditions like NAFLD (291, 292). Studies both in vivo and
in vitro have shown that fluoxetine treatment promotes hepatic TG
content and lipid accumulation, crucial markers of NAFLD (293, 294).
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Additionally, fluoxetine impacts prostaglandin production, a process
implicated in NAFLD development (295). Specifically, fluoxetine-
induced hepatic lipid accumulation involves prostaglandin
endoperoxide synthase 1, leading to increased levels of 15-deoxy-
A"'"PGJ2, thereby exacerbating liver damage through complex
biochemical pathways (296).

These findings underscore the intricate interplay between
NAFLD, cardiovascular metabolic disease risk, and depression,
which may be associated with changes in peripheral inflammation
and lipid metabolism. Despite the increasing volume of research,
there remains a need for further investigation into the precise
molecular mechanisms that link these conditions, especially within
population-based studies. A more comprehensive understanding of
these mechanisms could provide novel approaches and insights for
treating and managing NAFLD alongside psychiatric comorbidities.

5.6 Rheumatoid arthritis

RA is a chronic inflammatory disorder marked by synovitis and
joint destruction, frequently co-occurring with depression, which
substantially diminishes the quality of life (QoL) (297). Research
indicates that the occurrence of depression among RA patients is
two to three times higher than in the general population (298). The
interplay between depression and RA progression is well-
documented, with a bidirectional causal relationship being a key
factor. For instance, worsening RA symptoms can exacerbate
depression, and vice versa (299, 300).

Recent research underscores the link between obesity and
depression in patients with RA. Studies suggest that RA patients
with coexisting depression are more prone to overweight or obesity
and exhibit elevated TG levels compared to their non-depressed
counterparts (301). Furthermore, active RA is independently linked
to decreased HDL-C levels and heightened insulin resistance (301).
RA and depression exhibit shared lipid-mediated inflammatory
mechanisms driven by dysregulated pro-inflammatory and
impaired pro-resolving pathways (200, 302). Both conditions
feature elevated prostaglandin E2 (PGE2) and leukotriene B4
(LTB4) via Cyclooxygenase-1 (COX-1)/Cyclooxygenase-2 (COX-
2) and 5-lipoxygenase (5-LOX) activation, respectively, which
amplify neuroinflammation (microglial activation) and synovial
inflammation (fibroblast activation) (200, 302).

Thus, in the context of obesity and hypertriglyceridemia, the
association between depression and RA may be more pronounced
(186). TG and HDL-C are pivotal in the comorbidity of depression
and RA, indicating that therapeutic strategies targeting these
metabolic pathways might provide novel avenues for
simultaneously managing both conditions.

6 The influence of lipid metabolism
signaling pathway on depression

Disruptions in lipid metabolism and variations in lipid
concentrations can precipitate depression. It has been established
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that lipid metabolism may be disrupted in individuals subjected to
chronic stress or intense noise exposure. These metabolic
alterations are governed by the regulation of the HPA axis and
changes in membrane fluidity, which may precipitate
depressive states.

The HPA axis plays an integral role in the body’s stress
response, with cortisol being the primary hormone produced
during its activation (32). Chronic stress and intense noise can
lead to overstimulation of both the sympathetic nervous system and
the HPA axis, enhancing the production of catecholamines,
glucocorticoids, and adrenocorticotropic hormone (ACTH) (303,
304). Sustained high cortisol levels can interfere with the negative
feedback loop that ordinarily modulates the HPA axis, resulting in
its overactivity. This hyperactivity can detrimentally affect the
function of hippocampal neurons (305, 306). Imbalances within
this signaling pathway may alter neural plasticity, ultimately leading
to the development of depression. Additionally, fluctuations in
cortisol levels may influence signal transduction processes of
membrane-bound receptors due to the hormone’s ability to
modify cell membrane fluidity. Such modifications may impede
neuronal communication, potentially leading to depressive
symptoms. Investigations have also identified a direct correlation
between cortisol levels and dyslipidemia (307), further linking
altered lipid profiles to depression. Moreover, excessive
glucocorticoid activity, induced by chronic HPA axis activation,
can foster insulin resistance, increase lipolysis, and raise serum
levels of LDL-C, TC, and TGs (308). Changes in these substances
can also impact the occurrence of depression. Furthermore, FA
metabolism may influence HPA axis activity; studies in individuals
with severe depression have indicated that variations in FA
unsaturation and chain length can affect the feedback mechanism
of the HPA axis (309, 310).

Apart from the HPA axis, cell membrane fluidity, particularly in
brain cells, is crucial for the onset of depression. The unsaturation
and length of fatty acid chains in membrane lipids critically
influence membrane fluidity and cellular membrane functionality
(311). Chronic stress may lead to alterations in the composition of
membrane phospholipids, characterized by increases in
phosphatidylcholine (PC) and phosphatidylethanolamine (PE),
and a decrease in phosphatidylinositol levels (312). Such shifts
can impair the fluidity of brain cell membranes, potentially
contributing to mental health disorders, including depression.
Notably, elevated levels of PC have been observed in the
prefrontal cortex of patients with bipolar disorder. Furthermore,
FAs, vital components of neuronal membranes, are essential for
maintaining the structural integrity of brain cells (311, 313). The
peroxidation of membrane FAs affects membrane sensitivity to OS
(314). Consequently, disruptions in phospholipid or FA metabolism
may promote mental illnesses.

In summary, abnormalities in lipid metabolism of
glucocorticoids within the HPA axis and membrane lipids can
trigger the onset of depression. This suggests that these dysregulated
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components could be explored as potential therapeutic targets
for depression.

7 Prospect of lipid metabolism as a
therapeutic target for depression

This connection between lipid metabolic disorders and
depression indicates that targeting lipid metabolism might offer a
viable therapeutic strategy for depression. We have reviewed several
methods for treating depression by targeting lipid metabolism and
its content.

Firstly, as previously mentioned, excessive activation of the
HPA axis can lead to elevated glucocorticoid levels, which can
easily trigger depression. Glucocorticoid antagonists can reduce
these levels, indicating that controlling the HPA axis can improve
depression (315). Among these approaches, Kai Xin San (KXS),
which consists of ginseng, hawthorn, polygala, and astragalus (316,
317), has been shown to regulate the HPA axis (318), and thus has
potential as a treatment for depression. Additionally, signaling
pathways related to lipid metabolism in the peripheral blood of
depression patients include HDL-mediated lipid transport, lipid
digestion, mobilization, and metabolism. Experimental results
demonstrate that KXS significantly modulates these lipid
metabolism pathways and exerts an antidepressant effect by
adjusting these signaling pathways (318).

Moreover, omega-3 polyunsaturated fatty acids (n-3 PUFAs),
particularly EPA and DHA, are proposed to ameliorate or prevent
various mental and neurodegenerative disorders by modulating
neuroimmune and apoptotic pathways. As integral components
of cell membranes, n-3 PUFAs are increasingly recognized for their
role in regulating membrane fluidity, inflammatory responses, and
antioxidant activity, all of which contribute to neuroprotection
(315). The bioactive lipid metabolites derived from EPA and
DHA are highlighted as molecular targets that support human
hippocampal neurogenesis and mitigate depression. In their
research, Song, C., et al. found that EPA alone, or in a higher
dosage combined with DHA, was particularly effective in managing
MDD (319). Additionally, an imbalance in the w-6:w-3 ratios is
associated with maternal postpartum depression (PPD), suggesting
that addressing the competition between w-3 and w-6 could be a
therapeutic approach for treating depression (320). Furthermore,
the accumulation of AP is a hallmark of Alzheimer’s disease (AD)
and MDD. Reducing Af aggregation can improve the progression
of AD. Microglia, the brain’s macrophages, continuously monitor
their microenvironment through movement and the phagocytosis
of AB (321). Therefore, microglial activation is essential in the
pathogenesis of brain disorders like MDD and AD. Both EPA and
DHA can enhance the phagocytic function of microglia, thereby
accelerating the elimination of AP deposits and exerting
neurotrophic and antidepressant effects (322).
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In addition, investigations have revealed that fried foods
contribute to the risk of mental health conditions in children (323).
A recent cross-sectional study found that acrylamide-hemoglobin
adducts in fried foods are related to increased depression rates
among American adults (324). Additionally, prolonged exposure to
acrylamide has been linked to disruptions in brain lipid metabolism
and neuroinflammation, notably impacting myelin and phospholipid
metabolism (325). Therefore, reducing the intake of fried foods to
lower acrylamide exposure may help prevent or treat depression.

In summary, our investigation has reviewed several therapeutic
targets for depression, such as n-3 PUFAs. These findings indicate a
strong correlation between lipid metabolism and depression,
further indicating that targeting lipid metabolism can be a viable
approach for preventing and treating depression.

8 Conclusion

In conclusion, the intricate interplay between lipid metabolism
and depression underscores the significant impact of this field on
clinical outcomes. The interplay between dyslipidemia and
depressive symptoms highlights the need for a multidisciplinary
treatment approach that integrates both metabolic and mental
health issues. Given the intricate role of lipid metabolism in
neural function and emotion regulation, further research should
elucidate its molecular mechanisms. A deeper understanding of
these mechanisms will aid in developing innovative therapeutic
strategies, potentially revolutionizing the management of
depression and enhancing the quality of life for affected individuals.

Author contributions

XCL: Writing - original draft, Writing - review & editing. XW:
Writing - original draft, Writing - review & editing. YS: Writing -
review & editing. XZ: Writing - original draft, Writing — review &
editing. YW: Writing — review & editing. MZ: Writing — original
draft. ZW: Writing - original draft. ZL: Formal Analysis,
Investigation, Writing - review & editing. XXL: Writing -
original draft. LZ: Conceptualization, Data curation, Writing -
review & editing. TS: Methodology, Writing - original draft. RC:
Supervision, Writing — original draft. XC: Supervision, Writing -
review & editing. HW: Supervision, Writing - review & editing.

References

1. Monroe SM, Harkness KL. Major depression and its recurrences: life course matters.
Annu Rev Clin Psychol. (2022) 18:329-57. doi: 10.1146/annurev-clinpsy-072220-021440

2. World Health Organization. Depression. (2023). Available online at: https://www.
who.int/news-room/fact-sheets/detail/depression (Accessed March 31, 2023).

3. Institute of Health Metrics and Evaluation. Global Health Data Exchange (GHDx). (2024).
Available online at: https://vizhub.healthdata.org/gbd-results/ (Accessed March 4, 2023).

4. Filatova EV, Shadrina MI, Slominsky PA. Major depression: one brain, one
disease, one set of intertwined processes. Cells. (2021) 10. doi: 10.3390/cells10061283

Frontiers in Psychiatry

17

10.3389/fpsyt.2025.1589663

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by Shandong medical and health science and technology
development plan project (Grant number 202003030357),
Postdoctoral Science Foundation of China (RZ2100002858), the
Qingdao Natural Science Foundation (24-4-4-zrjj-115-jch) and
Qingdao Medical and Health Science and Technology
Development Plan Project (2023-WJZD069) to Hongyun Wei.

Acknowledgments

The graphical abstract were produced using Servier Medical Art
(http://www.servier.com), Scidraw and Figdraw. The first authors
XCL and XZW are deeply grateful to their parents Fazong Luan,
Linna Liu, Ning Wang and Zhifeng Ma for their support and many
enlightening discussions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

5. Mora C, Zonca V, Riva MA, Cattaneo A. Blood biomarkers and treatment
response in major depression. Expert Rev Mol diagnostics. (2018) 18:513-29.
doi: 10.1080/14737159.2018.1470927

6. Kupfer DJ, Frank E, Phillips ML. Major depressive disorder: new clinical,
neurobiological, and treatment perspectives. Lancet (London England). (2012)
379:1045-55. doi: 10.1016/S0140-6736(11)60602-8

7. Lopez JP, Kos A, Turecki G. Major depression and its treatment: microRNAs as
peripheral biomarkers of diagnosis and treatment response. Curr Opin Psychiatry.
(2018) 31:7-16. doi: 10.1097/YCO.0000000000000379

frontiersin.org


http://www.servier.com
https://doi.org/10.1146/annurev-clinpsy-072220-021440
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://vizhub.healthdata.org/gbd-results/
https://doi.org/10.3390/cells10061283
https://doi.org/10.1080/14737159.2018.1470927
https://doi.org/10.1016/S0140-6736(11)60602-8
https://doi.org/10.1097/YCO.0000000000000379
https://doi.org/10.3389/fpsyt.2025.1589663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Luan et al.

8. Shen X, Miao S, Zhang Y, Guo X, Li W, Mao X, et al. Stearic acid metabolism in
human health and disease. Clin Nutr. (2025) 44:222-38. doi: 10.1016/j.clnu.2024.12.012

9. Agbu P, Carthew RW. MicroRNA-mediated regulation of glucose and lipid
metabolism. Nat Rev Mol Cell Biol. (2021) 22:425-38. doi: 10.1038/s41580-021-
00354-w

10. Petrenko V, Sinturel F, Riezman H, Dibner C. Lipid metabolism around the body
clocks. Prog Lipid Res. (2023) 91:101235. doi: 10.1016/j.plipres.2023.101235

11. Mao M, Deng Y, Wang L, Zhao G, Qi R, Gong H, et al. Chronic unpredictable
mild stress promotes atherosclerosis via adipose tissue dysfunction in ApoE(-/-) mice.
Peer]. (2023) 11:¢16029. doi: 10.7717/peerj.16029

12. van Reedt Dortland AK, Giltay EJ, van Veen T, Zitman FG, Penninx BW.
Longitudinal relationship of depressive and anxiety symptoms with dyslipidemia and
abdominal obesity. Psychosomatic Med. (2013) 75:83-9. doi: 10.1097/PSY.0b013e318274d30f

13. Daray FM, Mann JJ, Sublette ME. How lipids may affect risk for suicidal
behavior. ] Psychiatr Res. (2018) 104:16-23. doi: 10.1016/j.jpsychires.2018.06.007

14. Kalinichenko LS, Kornhuber ], Sinning S, Haase J, Miiller CP. Serotonin
signaling through lipid membranes. ACS Chem Neurosci. (2024) 15:1298-320.
doi: 10.1021/acschemneuro.3c00823

15. Kosowski M, Smolarczyk-Kosowska J, Hachuta M, Maliglowka M, Basiak M,
Machnik G, et al. The effects of statins on neurotransmission and their neuroprotective
role in neurological and psychiatric disorders. Molecules (Basel Switzerland). (2021) 26.
doi: 10.3390/molecules26102838

16. Hiulsmeier AJ. Glycosphingolipids in neurodegeneration - Molecular
mechanisms, cellular roles, and therapeutic perspectives. Neurobiol Dis. (2025)
207:106851. doi: 10.1016/j.nbd.2025.106851

17. Li S, Yang D, Zhou X, Chen L, Liu L, Lin R, et al. Neurological and metabolic
related pathophysiologies and treatment of comorbid diabetes with depression. CNS
Neurosci Ther. (2024) 30:€14497. doi: 10.1111/cns.14497

18. Samanta S, Chakraborty S, Bagchi D. Pathogenesis of neurodegenerative diseases
and the protective role of natural bioactive components. ] Am Nutr Assoc. (2024)
43:20-32. doi: 10.1080/27697061.2023.2203235

19. Andreeva VA, Assmann KE, Adjibade M, Lemogne C, Hercberg S, Galan P, et al.
Dyslipidemia as a potential moderator of the association between hearing loss and
depressive symptoms. ] nutrition Health Aging. (2017) 21:1291-8. doi: 10.1007/s12603-
017-0888-1

20. Huang YJ, Tsai SY, Chung KH, Chen PH, Huang SH, Kuo CJ. State-dependent
alterations of lipid profiles in patients with bipolar disorder. Int ] Psychiatry Med.
(2018) 53:273-81. doi: 10.1177/0091217417749786

21. Messaoud A, Mensi R, Mhalla A, Hallara I, Neffati F, Douki W, et al.
Dyslipidemia and suicidal risk in patients with psychiatric disorders. L’Encephale.
(2018) 44:315-20. doi: 10.1016/j.encep.2017.03.008

22. Wagner CJ, Musenbichler C, Béhm L, Farber K, Fischer AL von Nippold F, et al.
LDL cholesterol relates to depression, its severity, and the prospective course. Prog
Neuropsychopharmacol Biol Psychiatry. (2019) 92:405-11. doi: 10.1016/j.pnpbp.2019.01.010

23. Chien IC, Lin CH, Chou YJ, Chou P. Increased risk of hyperlipidemia in patients
with major depressive disorder: a population-based study. J psychosomatic Res. (2013)
75:270-4. doi: 10.1016/j.jpsychores.2013.06.003

24. Almeida OP, Yeap BB, Hankey GJ, Golledge J, Flicker L. HDL cholesterol and
the risk of depression over 5 years. Mol Psychiatry. (2014) 19:637-8. doi: 10.1038/
mp.2013.113

25. Lin PY, Huang SY, Su KP. A meta-analytic review of polyunsaturated fatty acid
compositions in patients with depression. Biol Psychiatry. (2010) 68:140-7.
doi: 10.1016/j.biopsych.2010.03.018

26. Ancelin ML, Carriére I, Boulenger JP, Malafosse A, Stewart R, Cristol JP, et al.
Gender and genotype modulation of the association between lipid levels and depressive
symptomatology in community-dwelling elderly (the ESPRIT study). Biol Psychiatry.
(2010) 68:125-32. doi: 10.1016/j.biopsych.2010.04.011

27. Appleton KM, Voyias PD, Sallis HM, Dawson S, Ness AR, Churchill R, et al.
Omega-3 fatty acids for depression in adults. Cochrane Database systematic Rev. (2021)
11:Cd004692. doi: 10.1002/14651858.CD004692.pub5

28. Grosso G, Galvano F, Marventano S, Malaguarnera M, Bucolo C, Drago F, et al.
Omega-3 fatty acids and depression: scientific evidence and biological mechanisms.
Oxid Med Cell Longevity. (2014) 2014:313570. doi: 10.1155/2014/313570

29. DeBose-Boyd RA. Significance and regulation of lipid metabolism. Semin Cell
Dev Biol. (2018) 81:97. doi: 10.1016/j.semcdb.2017.12.003

30. Serefko A, Jach ME, Pietraszuk M, Swigder M, Swie}der K, Szopa A. Omega-3
polyunsaturated fatty acids in depression. Int ] Mol Sci. (2024) 25. doi: 10.3390/
ijms25168675

31. Fan Y, Luan X, Wang X, Li H, Zhao H, Li S, et al. Exploring the association

between BDNF related signaling pathways and depression: A literature review. Brain
Res Bull. (2025) 220:111143. doi: 10.1016/j.brainresbull.2024.111143

32. Mocking RJ, Ruhé HG, Assies ], Lok A, Koeter MW, Visser I, et al. Relationship
between the hypothalamic-pituitary-adrenal-axis and fatty acid metabolism in
recurrent depression. Psychoneuroendocrinology. (2013) 38:1607-17. doi: 10.1016/
j.psyneuen.2013.01.013

Frontiers in Psychiatry

10.3389/fpsyt.2025.1589663

33. Mocking R], Verburg HF, Westerink AM, Assies ], Vaz FM, Koeter MW, et al.
Fatty acid metabolism and its longitudinal relationship with the hypothalamic-
pituitary-adrenal axis in major depression: Associations with prospective
antidepressant response. Psychoneuroendocrinology. (2015) 59:1-13. doi: 10.1016/
j.psyneuen.2015.04.027

34. Hare DL. Depression and cardiovascular disease. Curr Opin lipidol. (2021)
32:167-74. doi: 10.1097/MOL.0000000000000749

35. Zhang K, Wang X, Tu J, Rong H, Werz O, Chen X. The interplay between
depression and tuberculosis. J leukocyte Biol. (2019) 106:749-57. doi: 10.1002/
JLB.MR0119-023R

36. Zhu Q, Han Y, He Y, Meng P, Fu Y, Yang H, et al. Quercetin inhibits neuronal
Ferroptosis and promotes immune response by targeting lipid metabolism-related gene
PTGS2 to alleviate breast cancer-related depression. Phytomed: Int ] phytother
phytopharmacol. (2024) 130:155560. doi: 10.1016/j.phymed.2024.155560

37. Jung J, Lee SM, Lee MJ, Ryu JS, Song JH, Lee JE, et al. Lipidomics reveals that
acupuncture modulates the lipid metabolism and inflammatory interaction in a mouse
model of depression. Brain behavior Immun. (2021) 94:424-36. doi: 10.1016/
j.bbi.2021.02.003

38. Yan Y, Zhang Y, Liu M, Li L, Zheng Y. Neuroprotection vs. Neurotoxicity: the
dual impact of brain lipids in depression. Int J Mol Sci. (2025) 26. doi: 10.3390/
ijms26062722

39. Modesti MN, Arena JF, Del Casale A, Gentile G, Borro M, Parmigiani G, et al.
Lipidomics and genomics in mental health: insights into major depressive disorder,
bipolar disorder, schizophrenia, and obsessive-compulsive disorder. Lipids Health Dis.
(2025) 24:89. doi: 10.1186/512944-025-02512-x

40. Solomon MB, Herman JP. Sex differences in psychopathology: of gonads,
adrenals and mental illness. Physiol Behav. (2009) 97:250-8. doi: 10.1016/
j.physbeh.2009.02.033

41. Song X, Zhang H, Zhang Y, Goh B, Bao B, Mello SS, et al. Gut microbial fatty
acid isomerization modulates intraepithelial T cells. Nature. (2023) 619:837-43.
doi: 10.1038/s41586-023-06265-4

42. Yang WC, Cao HL, Wang YZ, Li TT, Hu HY, Wan Q, et al. Inhibition of nitric
oxide synthase aggravates brain injury in diabetic rats with traumatic brain injury.
Neural Regener Res. (2021) 16:1574-81. doi: 10.4103/1673-5374.303035

43. Mueller PS, Davis JM, Bunney WE]Jr., Weil-Malherbe H, Cardon PV Jr. Plasma
free fatty acids concentration in depressive illness. Arch Gen Psychiatry. (1970) 22:216—
21. doi: 10.1001/archpsyc.1970.01740270024003

44. Yao X, Yang C, Jia X, Yu Z, Wang C, Zhao J, et al. High-fat diet consumption
promotes adolescent neurobehavioral abnormalities and hippocampal structural
alterations via microglial overactivation accompanied by an elevated serum free fatty
acid concentration. Brain behavior Immun. (2024) 119:236-50. doi: 10.1016/
j.bbi.2024.04.005

45. Mi Y, Qi G, Vitali F, Shang Y, Raikes AC, Wang T, et al. Loss of fatty acid
degradation by astrocytic mitochondria triggers neuroinflammation and
neurodegeneration. Nat Metab. (2023) 5:445-65. doi: 10.1038/s42255-023-00756-4

46. Qi G, Mi Y, Shi X, Gu H, Brinton RD, Yin F. ApoE4 impairs neuron-astrocyte
coupling of fatty acid metabolism. Cell Rep. (2021) 34:108572. doi: 10.1016/
j.celrep.2020.108572

47. Vernochet C, Mourier A, Bezy O, Macotela Y, Boucher J, Rardin MJ, et al.
Adipose-specific deletion of TFAM increases mitochondrial oxidation and protects
mice against obesity and insulin resistance. Cell Metab. (2012) 16:765-76. doi: 10.1016/
j.cmet.2012.10.016

48. Song X, Du Z, Yao Z, Tang X, Zhang M. Rhein improves renal fibrosis by
restoring cptla-mediated fatty acid oxidation through sirT1/STAT3/twistl pathway.
Molecules (Basel Switzerland). (2022) 27. doi: 10.3390/molecules27072344

49. HuX, ChenF, JiaL, Long A, Peng Y, Li X, et al. A gut-derived hormone regulates
cholesterol metabolism. Cell. (2024) 187:1685-1700.e18. doi: 10.1016/j.cell.2024.02.024

50. Morgan RE, Palinkas LA, Barrett-Connor EL, Wingard DL. Plasma cholesterol
and depressive symptoms in older men. Lancet. (1993) 341:75-9. doi: 10.1016/0140-
6736(93)92556-9

51. Oh J, Kim TS. Serum lipid levels in depression and suicidality: The Korea
National Health and Nutrition Examination Survey (KNHANES) 2014. ] Affect Disord.
(2017) 213:51-8. doi: 10.1016/j.jad.2017.02.002

52. Huang TL. Serum lipid profiles in major depression with clinical subtypes,
suicide attempts and episodes. J Affect Disord. (2005) 86:75-9. doi: 10.1016/
jjad.2004.11.005

53. Persons JE, Robinson JG, Coryell WH, Payne ME, Fiedorowicz JG. Longitudinal
study of low serum LDL cholesterol and depressive symptom onset in postmenopause. J
Clin Psychiatry. (2016) 77:212-20. doi: 10.4088/JCP.14m09505

54. Paulose-Ram R, Graber JE, Woodwell D, Ahluwalia N. The national health and
nutrition examination survey (NHANES), 2021-2022: adapting data collection in a
COVID-19 environment. Am ] Public Health. (2021) 111:2149-56. doi: 10.2105/
AJPH.2021.306517

55. Smiley A, King D, Bidulescu A. The association between sleep duration and
metabolic syndrome: the NHANES 2013/2014. Nutrients. (2019) 11. doi: 10.3390/
nullll2582

frontiersin.org


https://doi.org/10.1016/j.clnu.2024.12.012
https://doi.org/10.1038/s41580-021-00354-w
https://doi.org/10.1038/s41580-021-00354-w
https://doi.org/10.1016/j.plipres.2023.101235
https://doi.org/10.7717/peerj.16029
https://doi.org/10.1097/PSY.0b013e318274d30f
https://doi.org/10.1016/j.jpsychires.2018.06.007
https://doi.org/10.1021/acschemneuro.3c00823
https://doi.org/10.3390/molecules26102838
https://doi.org/10.1016/j.nbd.2025.106851
https://doi.org/10.1111/cns.14497
https://doi.org/10.1080/27697061.2023.2203235
https://doi.org/10.1007/s12603-017-0888-1
https://doi.org/10.1007/s12603-017-0888-1
https://doi.org/10.1177/0091217417749786
https://doi.org/10.1016/j.encep.2017.03.008
https://doi.org/10.1016/j.pnpbp.2019.01.010
https://doi.org/10.1016/j.jpsychores.2013.06.003
https://doi.org/10.1038/mp.2013.113
https://doi.org/10.1038/mp.2013.113
https://doi.org/10.1016/j.biopsych.2010.03.018
https://doi.org/10.1016/j.biopsych.2010.04.011
https://doi.org/10.1002/14651858.CD004692.pub5
https://doi.org/10.1155/2014/313570
https://doi.org/10.1016/j.semcdb.2017.12.003
https://doi.org/10.3390/ijms25168675
https://doi.org/10.3390/ijms25168675
https://doi.org/10.1016/j.brainresbull.2024.111143
https://doi.org/10.1016/j.psyneuen.2013.01.013
https://doi.org/10.1016/j.psyneuen.2013.01.013
https://doi.org/10.1016/j.psyneuen.2015.04.027
https://doi.org/10.1016/j.psyneuen.2015.04.027
https://doi.org/10.1097/MOL.0000000000000749
https://doi.org/10.1002/JLB.MR0119-023R
https://doi.org/10.1002/JLB.MR0119-023R
https://doi.org/10.1016/j.phymed.2024.155560
https://doi.org/10.1016/j.bbi.2021.02.003
https://doi.org/10.1016/j.bbi.2021.02.003
https://doi.org/10.3390/ijms26062722
https://doi.org/10.3390/ijms26062722
https://doi.org/10.1186/s12944-025-02512-x
https://doi.org/10.1016/j.physbeh.2009.02.033
https://doi.org/10.1016/j.physbeh.2009.02.033
https://doi.org/10.1038/s41586-023-06265-4
https://doi.org/10.4103/1673-5374.303035
https://doi.org/10.1001/archpsyc.1970.01740270024003
https://doi.org/10.1016/j.bbi.2024.04.005
https://doi.org/10.1016/j.bbi.2024.04.005
https://doi.org/10.1038/s42255-023-00756-4
https://doi.org/10.1016/j.celrep.2020.108572
https://doi.org/10.1016/j.celrep.2020.108572
https://doi.org/10.1016/j.cmet.2012.10.016
https://doi.org/10.1016/j.cmet.2012.10.016
https://doi.org/10.3390/molecules27072344
https://doi.org/10.1016/j.cell.2024.02.024
https://doi.org/10.1016/0140-6736(93)92556-9
https://doi.org/10.1016/0140-6736(93)92556-9
https://doi.org/10.1016/j.jad.2017.02.002
https://doi.org/10.1016/j.jad.2004.11.005
https://doi.org/10.1016/j.jad.2004.11.005
https://doi.org/10.4088/JCP.14m09505
https://doi.org/10.2105/AJPH.2021.306517
https://doi.org/10.2105/AJPH.2021.306517
https://doi.org/10.3390/nu11112582
https://doi.org/10.3390/nu11112582
https://doi.org/10.3389/fpsyt.2025.1589663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Luan et al.

56. Shim RS, Baltrus P, Ye ], Rust G. Prevalence, treatment, and control of depressive
symptoms in the United States: results from the National Health and Nutrition
Examination Survey (NHANES), 2005-2008. ] Am Board Fam Med. (2011) 24:33-8.
doi: 10.3122/jabfm,2011.01.100121

57. Benzi G, Piatti S. Silencing the spindle assembly checkpoint: Let’s play Polo! ]
Cell Biol. (2020) 219. doi: 10.1083/jcb.202010053

58. Zhang Q, Liu Z, Wang Q, Li X. Low cholesterol is not associated with depression:
data from the 2005-2018 National Health and Nutrition Examination Survey. Lipids
Health Dis. (2022) 21:35. doi: 10.1186/s12944-022-01645-7

59. Jow GM, Yang TT, Chen CL. Leptin and cholesterol levels are low in major
depressive disorder, but high in schizophrenia. J Affect Disord. (2006) 90:21-7.
doi: 10.1016/j.jad.2005.09.015

60. Mirel LB, Mohadjer LK, Dohrmann SM, Clark ], Burt VL, Johnson CL, et al.
National Health and Nutrition Examination Survey: estimation procedures, 2007-2010.
Vital Health Stat. (2013) 2:1-17.

61. Fjermestad-Noll J, Ronningstam E, Bach B, Rosenbaum B, Simonsen E.
Characterological depression in patients with narcissistic personality disorder. Nordic
J Psychiatry. (2019) 73:539-45. doi: 10.1080/08039488.2019.1664630

62. Jirakran K, Vasupanrajit A, Tunvirachaisakul C, Almulla AF, Kubera M, Maes
M. Lipid profiles in major depression, both with and without metabolic syndrome:
associations with suicidal behaviors and neuroticism. BMC Psychiatry. (2025) 25:379.
doi: 10.1186/512888-025-06734-2

63. Verma M, Kaur A, Upneja A, Dhoat P, Aneja ], Kakkar R. Is physical activity
related to depression and anxiety among adults? Observations from a
noncommunicable disease screening clinic in north India. Indian ] Community Med.
(2025) 50:53-61. doi: 10.4103/ijcm.ijcm_490_23

64. Cepeda MS, Kern DM, Blacketer C, Drevets WC. Low levels of cholesterol and
the cholesterol type are not associated with depression: Results of a cross-sectional
NHANES study. J Clin Lipidol. (2020) 14:515-21. doi: 10.1016/j.jacl.2020.06.001

65. Shin JY, Suls ], Martin R. Are cholesterol and depression inversely related? A
meta-analysis of the association between two cardiac risk factors. Ann Behav Med.
(2008) 36:33-43. doi: 10.1007/s12160-008-9045-8

66. Diaz N, Perez C, Escribano AM, Sanz G, Priego J, Lafuente C, et al. Discovery of
potent small-molecule inhibitors of lipoprotein(a) formation. Nature. (2024) 629:945-
50. doi: 10.1038/s41586-024-07387-z

67. Rani A, Stadler JT, Marsche G. HDL-based therapeutics: A promising frontier in
combating viral and bacterial infections. Pharmacol Ther. (2024) 260:108684.
doi: 10.1016/j.pharmthera.2024.108684

68. Sutcigil L, Oktenli C, Musabak U, Bozkurt A, Cansever A, Uzun O, et al. Pro-
and anti-inflammatory cytokine balance in major depression: effect of sertraline
therapy. Clin Dev Immunol. (2007) 2007:76396. doi: 10.1155/2007/76396

69. Lehto SM, Hintikka J, Niskanen L, Tolmunen T, Koivumaa-Honkanen H,
Honkalampi K, et al. Low HDL cholesterol associates with major depression in a
sample with a 7-year history of depressive symptoms. Prog Neuropsychopharmacol Biol
Psychiatry. (2008) 32:1557-61. doi: 10.1016/j.pnpbp.2008.05.021

70. Lehto SM, Niskanen L, Tolmunen T, Hintikka J, Viinamiki H, Heiskanen T,
et al. Low serum HDL-cholesterol levels are associated with long symptom duration in
patients with major depressive disorder. Psychiatry Clin Neurosci. (2010) 64:279-83.
doi: 10.1111/j.1440-1819.2010.02079.x

71. Morris G, Puri BK, Bortolasci CC, Carvalho A, Berk M, Walder K, et al. The role
of high-density lipoprotein cholesterol, apolipoprotein A and paraoxonase-1 in the
pathophysiology of neuroprogressive disorders. Neurosci Biobehav Rev. (2021)
125:244-63. doi: 10.1016/j.neubiorev.2021.02.037

72. Maes M, Vasupanrajit A, Jirakran K, Zhou B, Tunvirachaisakul C, Almulla AF.
First-episode mild depression in young adults is a pre-proatherogenic condition even in
the absence of subclinical metabolic syndrome: lowered lecithin-cholesterol
acyltransferase as a key factor. Neuro Endocrinol Lett. (2024) 45:475-91.
doi: 10.1101/2024.01.01.24300688

73. van der Voort PHJ, Gerritsen RT, Bakker AJ, Boerma EC, Kuiper MA, de Heide
L. HDL-cholesterol level and cortisol response to synacthen in critically ill patients.
Intensive Care Med. (2003) 29:2199-203. doi: 10.1007/s00134-003-2021-7

74. Cheon SY. Impaired cholesterol metabolism, neurons, and neuropsychiatric
disorders. Exp Neurobiol. (2023) 32:57-67. doi: 10.5607/en23010

75. Maehashi S, Arora K, Fisher AL, Schweitzer DR, Akefe IO. Neurolipidomic
insights into anxiety disorders: Uncovering lipid dynamics for potential therapeutic
advances. Neurosci Biobehav Rev. (2024) 163:105741. doi: 10.1016/
j.neubiorev.2024.105741

76. Van Valkenburgh J, Meuret C, Martinez AE, Kodancha V, Solomon V, Chen K,
et al. Understanding the exchange of systemic HDL particles into the brain and vascular
cells has diagnostic and therapeutic implications for neurodegenerative diseases. Front
Physiol. (2021) 12:700847. doi: 10.3389/fphys.2021.700847

77. Erickson MA, Mahankali AP. Interactions of serum amyloid A proteins with the
blood-brain barrier: implications for central nervous system disease. Int ] Mol Sci.
(2024) 25. doi: 10.3390/ijms25126607

78. Syed-Abdul MM, Lewis GF. MAIT cells in lipoprotein metabolism: A new
pathway for VLDL clearance? Circ Res. (2025) 136:982-4. doi: 10.1161/
CIRCRESAHA.125.326462

Frontiers in Psychiatry

10.3389/fpsyt.2025.1589663

79. Chen S, Wang J, Lang X, Zhang XY. Clinical correlates, lipid metabolic
parameters and thyroid hormones are associated with abnormal glucose metabolism
in first-episode and drug-naive major depressive disorder patients with suicide
attempts: A large cross-sectional study. J Affect Disord. (2025) 380:10-6.
doi: 10.1016/j.jad.2025.03.102

80. Yang Y, Xing Z. Depressive symptoms and metabolic dysregulation control: A
closer look at control challenges in T2DM patients. Depression Anxiety. (2024)
2024:7115559. doi: 10.1155/2024/7115559

81. Cui CQ, Li Z, Hou ZR, Zhang YM, Feng XZ, Tan X, et al. Relationship between
thyroid-stimulating hormone and blood lipids in patients with first-episode depression.
BMC Psychiatry. (2024) 24:783. doi: 10.1186/512888-024-06168-2

82. Darabi S, Gorgich EAC, Moradi F, Rustamzadeh A. Lipidopathy disrupts
peripheral and central amyloid clearance in Alzheimer’s disease: Where are our
knowledge. IBRO Neurosci Rep. (2025) 18:191-9. doi: 10.1016/j.ibneur.2025.01.004

83. de Boer LM, Wiegman A, Kroon J, Tsimikas S, Yeang C, Peletier MC, et al.
Lipoprotein(a) and carotid intima-media thickness in children with familial
hypercholesterolaemia in the Netherlands: a 20-year follow-up study. Lancet
Diabetes Endocrinol. (2023) 11:667-74. doi: 10.1016/52213-8587(23)00156-0

84. Wysokinski A, Strzelecki D, Kloszewska I. Levels of triglycerides, cholesterol,
LDL, HDL and glucose in patients with schizophrenia, unipolar depression and bipolar
disorder. Diabetes Metab Syndr. (2015) 9:168-76. doi: 10.1016/j.dsx.2015.04.004

85. Rabe-Jabtonska J, Poprawska I. Levels of serum total cholesterol and LDL-
cholesterol in patients with major depression in acute period and remission. Med Sci
Monit. (2000) 6:539-47.

86. Kim EJ, Hong ], Hwang JW. The association between depressive mood and
cholesterol levels in Korean adolescents. Psychiatry Invest. (2019) 16:737-44.
doi: 10.30773/pi.2019.03.24

87. Guerin M, Le Goff W, Lassel TS, Van Tol A, Steiner G, Chapman M]J.
Atherogenic role of elevated CE transfer from HDL to VLDL(1) and dense LDL in
type 2 diabetes: impact of the degree of triglyceridemia. Arterioscler Thromb Vasc Biol.
(2001) 21:282-8. doi: 10.1161/01.atv.21.2.282

88. Salakhutdinov NF, Laev SS. Triglyceride-lowering agents. Bioorg Med Chem.
(2014) 22:3551-64. doi: 10.1016/j.bmc.2014.05.008

89. Rosenson RS, Gaudet D, Ballantyne CM, Baum SJ, Bergeron J, Kershaw EE, et al.
Evinacumab in severe hypertriglyceridemia with or without lipoprotein lipase pathway
mutations: a phase 2 randomized trial. Nat Med. (2023) 29:729-37. doi: 10.1038/
s41591-023-02222-w

90. Choi HJ, Byun MS, Yi D, Choe YM, Sohn BK, Baek HW, et al. Association
between serum triglycerides and cerebral amyloidosis in cognitively normal elderly. Am
J Geriatr Psychiatry. (2016) 24:604-12. doi: 10.1016/j.jagp.2016.03.001

91. Huang TL, Chen JF. Lipid and lipoprotein levels in depressive disorders with
melancholic feature or atypical feature and dysthymia. Psychiatry Clin Neurosci. (2004)
58:295-9. doi: 10.1111/j.1440-1819.2004.01235.x

92. Sevincok L, Buyukozturk A, Dereboy F. Serum lipid concentrations in patients
with comorbid generalized anxiety disorder and major depressive disorder. Can J
Psychiatry. (2001) 46:68-71. doi: 10.1177/070674370104600110

93. Liu X, Li ], Zheng P, Zhao X, Zhou C, Hu C, et al. Plasma lipidomics reveals
potential lipid markers of major depressive disorder. Anal Bioanal Chem. (2016)
408:6497-507. doi: 10.1007/s00216-016-9768-5

94. Ergiin UG, Uguz S, Bozdemir N, Giizel R, Burgut R, Saatgi E, et al. The
relationship between cholesterol levels and depression in the elderly. Int J Geriatr
Psychiatry. (2004) 19:291-6. doi: 10.1002/gps.v19:3

95. Olusi SO, Fido AA. Serum lipid concentrations in patients with major depressive
disorder. Biol Psychiatry. (1996) 40:1128-31. doi: 10.1016/S0006-3223(95)00599-4

96. Chourpiliadis C, Zeng Y, Lovik A, Wei D, Valdimarsdottir U, Song H, et al.
Metabolic profile and long-term risk of depression, anxiety, and stress-related
disorders. JAMA network Open. (2024) 7:e244525. doi: 10.1001/
jamanetworkopen.2024.4525

97. Shao TN, Yin GZ, Yin XL, Wu JQ, Du XD, Zhu HL, et al. Elevated triglyceride
levels are associated with cognitive impairments among patients with major depressive
disorder. Compr Psychiatry. (2017) 75:103-9. doi: 10.1016/j.comppsych.2017.03.007

98. Behnoush AH, Mousavi A, Ghondaghsaz E, Shojaei S, Cannavo A, Khalaji A.
The importance of assessing the triglyceride-glucose index (TyG) in patients with
depression: A systematic review. Neurosci biobehavioral Rev. (2024) 159:105582.
doi: 10.1016/j.neubiorev.2024.105582

99. ChungJY, Kim OY, Song J. Role of ketone bodies in diabetes-induced dementia:
sirtuins, insulin resistance, synaptic plasticity, mitochondrial dysfunction, and
neurotransmitter. Nutr Rev. (2022) 80:774-85. doi: 10.1093/nutrit/nuab118

100. Laufs U, Parhofer KG, Ginsberg HN, Hegele RA. Clinical review on
triglycerides. Eur Heart J. (2020) 41:99-109c. doi: 10.1093/eurheartj/ehz785

101. Omori NE, Malys MK, Woo G, Mansor L. Exploring the role of ketone bodies
in the diagnosis and treatment of psychiatric disorders. Front Psychiatry. (2023)
14:1142682. doi: 10.3389/fpsyt.2023.1142682

102. Shelp J, Chaves C, Terpstra A, Koning E, Gomes FA, Fabe J, et al. Perspectives
on the ketogenic diet as a non-pharmacological intervention for major depressive
disorder. Trends Psychiatry Psychother. (2025). doi: 10.47626/2237-6089-2024-0932

frontiersin.org


https://doi.org/10.3122/jabfm.2011.01.100121
https://doi.org/10.1083/jcb.202010053
https://doi.org/10.1186/s12944-022-01645-7
https://doi.org/10.1016/j.jad.2005.09.015
https://doi.org/10.1080/08039488.2019.1664630
https://doi.org/10.1186/s12888-025-06734-2
https://doi.org/10.4103/ijcm.ijcm_490_23
https://doi.org/10.1016/j.jacl.2020.06.001
https://doi.org/10.1007/s12160-008-9045-8
https://doi.org/10.1038/s41586-024-07387-z
https://doi.org/10.1016/j.pharmthera.2024.108684
https://doi.org/10.1155/2007/76396
https://doi.org/10.1016/j.pnpbp.2008.05.021
https://doi.org/10.1111/j.1440-1819.2010.02079.x
https://doi.org/10.1016/j.neubiorev.2021.02.037
https://doi.org/10.1101/2024.01.01.24300688
https://doi.org/10.1007/s00134-003-2021-7
https://doi.org/10.5607/en23010
https://doi.org/10.1016/j.neubiorev.2024.105741
https://doi.org/10.1016/j.neubiorev.2024.105741
https://doi.org/10.3389/fphys.2021.700847
https://doi.org/10.3390/ijms25126607
https://doi.org/10.1161/CIRCRESAHA.125.326462
https://doi.org/10.1161/CIRCRESAHA.125.326462
https://doi.org/10.1016/j.jad.2025.03.102
https://doi.org/10.1155/2024/7115559
https://doi.org/10.1186/s12888-024-06168-2
https://doi.org/10.1016/j.ibneur.2025.01.004
https://doi.org/10.1016/S2213-8587(23)00156-0
https://doi.org/10.1016/j.dsx.2015.04.004
https://doi.org/10.30773/pi.2019.03.24
https://doi.org/10.1161/01.atv.21.2.282
https://doi.org/10.1016/j.bmc.2014.05.008
https://doi.org/10.1038/s41591-023-02222-w
https://doi.org/10.1038/s41591-023-02222-w
https://doi.org/10.1016/j.jagp.2016.03.001
https://doi.org/10.1111/j.1440-1819.2004.01235.x
https://doi.org/10.1177/070674370104600110
https://doi.org/10.1007/s00216-016-9768-5
https://doi.org/10.1002/gps.v19:3
https://doi.org/10.1016/S0006-3223(95)00599-4
https://doi.org/10.1001/jamanetworkopen.2024.4525
https://doi.org/10.1001/jamanetworkopen.2024.4525
https://doi.org/10.1016/j.comppsych.2017.03.007
https://doi.org/10.1016/j.neubiorev.2024.105582
https://doi.org/10.1093/nutrit/nuab118
https://doi.org/10.1093/eurheartj/ehz785
https://doi.org/10.3389/fpsyt.2023.1142682
https://doi.org/10.47626/2237-6089-2024-0932
https://doi.org/10.3389/fpsyt.2025.1589663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Luan et al.

103. You Z, Lan X, Wang C, Liu H, Li W, Mai §, et al. The restoration of energy
pathways indicates the efficacy of ketamine treatment in depression: A metabolomic
analysis. CNS Neurosci Ther. (2025) 31:¢70324. doi: 10.1111/cns.70324

104. Goodkind M, Eickhoff SB, Oathes DJ, Jiang Y, Chang A, Jones-Hagata LB, et al.
Identification of a common neurobiological substrate for mental illness. JAMA
Psychiatry. (2015) 72:305-15. doi: 10.1001/jamapsychiatry.2014.2206

105. Di Lucente J, Ramsey J]J, Jin LW, Maezawa I. The impact of mild episodic
ketosis on microglia and hippocampal long-term depression in 5xFAD mice. FASEB
bioAdvances. (2024) 6:581-96. doi: 10.1096/fba.2024-00123

106. Miura A, Yamanashi T, Kajitani N, Fukuda S, Tsunetomi K, Matsuo R, et al.
Medium-chain triglyceride administration induces antidepressant effects in animal
models by increasing beta-hydroxybutyrate levels. Yonago Acta Med. (2025) 68:58-67.
doi: 10.33160/yam.2025.02.007

107. Kajitani N, Iwata M, Miura A, Tsunetomi K, Yamanashi T, Matsuo R, et al.
Prefrontal cortex infusion of beta-hydroxybutyrate, an endogenous NLRP3
inflammasome inhibitor, produces antidepressant-like effects in a rodent model of
depression. Neuropsychopharmacol Rep. (2020) 40:157-65. doi: 10.1002/npr2.12099

108. Son H, Baek JH, Kang JS, Jung S, Chung HJ, Kim HJ. Acutely increased -
hydroxybutyrate plays a role in the prefrontal cortex to escape stressful conditions
during the acute stress response. Biochem Biophys Res Commun. (2021) 554:19-24.
doi: 10.1016/j.bbrc.2021.03.062

109. Sleiman SF, Henry J, Al-Haddad R, El Hayek L, Abou Haidar E, Stringer T, et al.
Exercise promotes the expression of brain derived neurotrophic factor (BDNF) through
the action of the ketone body B-hydroxybutyrate. eLife. (2016) 5. doi: 10.7554/
eLife.15092

110. Krivosova M, Gondas E, Murin R, Dohal M, Ondrejka I, Tonhajzerova I, et al.
The plasma levels of 3-hydroxybutyrate, dityrosine, and other markers of oxidative
stress and energy metabolism in major depressive disorder. Diagnostics (Basel
Switzerland). (2022) 12. doi: 10.3390/diagnostics12040813

111. Black CN, Bot M, Scheffer PG, Cuijpers P, Penninx BW. Is depression
associated with increased oxidative stress? A systematic review and meta-analysis.
Psychoneuroendocrinology. (2015) 51:164-75. doi: 10.1016/j.psyneuen.2014.09.025

112. Brown NC, Andreazza AC, Young LT. An updated meta-analysis of oxidative
stress markers in bipolar disorder. Psychiatry Res. (2014) 218:61-8. doi: 10.1016/
j.psychres.2014.04.005

113. Jimeénez-Fernandez S, Gurpegui M, Garrote-Rojas D, Gutiérrez-Rojas L,
Carretero MD, Correll CU. Oxidative stress parameters and antioxidants in patients
with bipolar disorder: Results from a meta-analysis comparing patients, including
stratification by polarity and euthymic status, with healthy controls. Bipolar Disord.
(2021) 23:117-29. doi: 10.1111/bdi.12980

114. Dimopoulos N, Piperi C, Psarra V, Lea RW, Kalofoutis A. Increased plasma
levels of 8-iso-PGF2alpha and IL-6 in an elderly population with depression. Psychiatry
Res. (2008) 161:59-66. doi: 10.1016/j.psychres.2007.07.019

115. Galecki P, Szemraj J, Bienkiewicz M, Florkowski A, Galecka E. Lipid
peroxidation and antioxidant protection in patients during acute depressive episodes
and in remission after fluoxetine treatment. Pharmacol reports: PR. (2009) 61:436-47.
doi: 10.1016/S1734-1140(09)70084-2

116. Yager S, Forlenza MJ, Miller GE. Depression and oxidative damage to lipids.
Psychoneuroendocrinology. (2010) 35:1356-62. doi: 10.1016/j.psyneuen.2010.03.010

117. Halliwell B. Lipid peroxidation, antioxidants and cardiovascular disease: how
should we move forward? Cardiovasc Res. (2000) 47:410-8. doi: 10.1016/S0008-6363
(00)00097-3

118. Roberts LJ, Morrow JD. Measurement of F(2)-isoprostanes as an index of
oxidative stress in vivo. Free Radic Biol Med. (2000) 28:505-13. doi: 10.1016/S0891-
5849(99)00264-6

119. Bilici M, Efe H, Koroglu MA, Uydu HA, Bekaroglu M, Deger O. Antioxidative
enzyme activities and lipid peroxidation in major depression: alterations by
antidepressant treatments. J Affect Disord. (2001) 64:43-51. doi: 10.1016/S0165-0327
(00)00199-3

120. Sarandol A, Sarandol E, Eker SS, Karaagac EU, Hizli BZ, Dirican M, et al.
Oxidation of apolipoprotein B-containing lipoproteins and serum paraoxonase/
arylesterase activities in major depressive disorder. Prog Neuropsychopharmacol Biol
Psychiatry. (2006) 30:1103-8. doi: 10.1016/j.pnpbp.2006.04.012

121. Patrignani P, Tacconelli S. Isoprostanes and other markers of peroxidation in
atherosclerosis. Biomarkers. (2005) 10 Suppl 1:524-9. doi: 10.1080/
13547500500215084

122. Levola J, Pitkdnen T, Kampman O, Aalto M. The association of alcohol use and
quality of life in depressed and non-depressed individuals: a cross-sectional general
population study. Qual Life Res. (2018) 27:1217-26. doi: 10.1007/s11136-017-1741-z

123. Maes M, Bonifacio KL, Morelli NR, Vargas HO, Moreira EG, St Stoyanov D,
et al. Generalized anxiety disorder (GAD) and comorbid major depression with GAD
are characterized by enhanced nitro-oxidative stress, increased lipid peroxidation, and
lowered lipid-associated antioxidant defenses. Neurotox Res. (2018) 34:489-510.
doi: 10.1007/s12640-018-9906-2

124. Glomset JA, Norum KR. The metabolic role of lecithin: cholesterol
acyltransferase: perspectives form pathology. Adv Lipid Res. (1973) 11:1-65.
doi: 10.1016/B978-0-12-024911-4.50008-8

Frontiers in Psychiatry

10.3389/fpsyt.2025.1589663

125. Ji A, Wroblewski JM, Cai L, de Beer MC, Webb NR, van der Westhuyzen DR.
Nascent HDL formation in hepatocytes and role of ABCA1, ABCG1, and SR-BI. J Lipid
Res. (2012) 53:446-55. doi: 10.1194/jlr.M017079

126. Kunnen S, Van Eck M. Lecithin:cholesterol acyltransferase: old friend or foe in
atherosclerosis? J Lipid Res. (2012) 53:1783-99. doi: 10.1194/jlr.R024513

127. Zhou L, Li C, Gao L, Wang A. High-density lipoprotein synthesis and
metabolism (Review). Mol Med Rep. (2015) 12:4015-21. doi: 10.3892/mmr.2015.3930

128. Jonas A. Lecithin cholesterol acyltransferase. Biochim Biophys Acta. (2000)
1529:245-56. doi: 10.1016/S1388-1981(00)00153-0

129. Rosales C, Gillard BK, Xu B, Gotto AM Jr., Pownall HJ. Revisiting reverse
cholesterol transport in the context of high-density lipoprotein free cholesterol
bioavailability. Methodist Debakey Cardiovasc J. (2019) 15:47-54. doi: 10.14797/
mdcj-15-1-47

130. Almulla AF, Thipakorn Y, Algon AAA, Tunvirachaisakul C, Al-Hakeim HK,
Maes M. Reverse cholesterol transport and lipid peroxidation biomarkers in major
depression and bipolar disorder: A systematic review and meta-analysis. Brain Behav
Immun. (2023) 113:374-88. doi: 10.1016/j.bbi.2023.08.007

131. Maes M, Delanghe J, Meltzer HY, Scharpé S, D’Hondt P, Cosyns P. Lower
degree of esterification of serum cholesterol in depression: relevance for depression and
suicide research. Acta Psychiatr Scand. (1994) 90:252-8. doi: 10.1111/j.1600-
0447.1994.tb01589.x

132. Jirakran K, Vasupanrajit A, Tunvirachaisakul C, Kubera M, Maes M,
depression M. Major depression, suicidal behaviors and neuroticism are pro-
atherogenic states driven by lowered reverse cholesterol transport. medRxiv. (2023)
doi: 10.1101/2023.02.10.23285746

133. Marchio P, Guerra-Ojeda S, Vila JM, Aldasoro M, Victor VM, Mauricio MD.
Targeting early atherosclerosis: A focus on oxidative stress and inflammation. Oxid
Med Cell Longev. (2019) 2019:8563845. doi: 10.1155/2019/8563845

134. Bauer R, Briine B, Schmid T. Cholesterol metabolism in the regulation of
inflammatory responses. Front Pharmacol. (2023) 14:1121819. doi: 10.3389/
fphar.2023.1121819

135. Riveros ME, Avila A, Schruers K, Ezquer F. Antioxidant biomolecules and their
potential for the treatment of difficult-to-treat depression and conventional treatment-
resistant depression. Antioxidants (Basel). (2022) 11. doi: 10.3390/antiox11030540

136. Raison CL, Capuron L, Miller AH. Cytokines sing the blues: inflammation and the
pathogenesis of depression. Trends Immunol. (2006) 27:24-31. doi: 10.1016/;.it.2005.11.006

137. Memon RA, Staprans I, Noor M, Holleran WM, Uchida Y, Moser AH, et al.
Infection and inflammation induce LDL oxidation in vivo. Arterioscler Thromb Vasc
Biol. (2000) 20:1536-42. doi: 10.1161/01.ATV.20.6.1536

138. Gidron Y, Russ K, Tissarchondou H, Warner J. The relation between
psychological factors and DNA-damage: a critical review. Biol Psychol. (2006)
72:291-304. doi: 10.1016/j.biopsycho.2005.11.011

139. Irie M, Miyata M, Kasai H. Depression and possible cancer risk due to oxidative
DNA damage. ] Psychiatr Res. (2005) 39:553-60. doi: 10.1016/j.jpsychires.2005.01.009

140. Forlenza MJ, Miller GE. Increased serum levels of 8-hydroxy-2’-
deoxyguanosine in clinical depression. Psychosom Med. (2006) 68:1-7. doi: 10.1097/
01.psy.0000195780.37277.2a

141. Sowa-Ku¢ma M, Styczen K, Siwek M, Misztak P, Nowak R]J, Dudek D, et al.
Lipid peroxidation and immune biomarkers are associated with major depression and
its phenotypes, including treatment-resistant depression and melancholia. Neurotox
Res. (2018) 33:448-60. doi: 10.1007/s12640-017-9835-5

142. Taene A, Khalili-Tanha G, Esmaeili A, Mobasheri L, Kooshkaki O, Jafari S, et al.
The association of major depressive disorder with activation of NLRP3 inflammasome,
lipid peroxidation, and total antioxidant capacity. ] Mol Neurosci. (2020) 70:65-70.
doi: 10.1007/s12031-019-01401-0

143. Wu X, Cai H, Liao R, Tedesco AC, Li Z, Wang F, et al. Bio-inspired carbon dots
as malondialdehyde indicator for real-time visualization of lipid peroxidation in
depression. Small (Weinheim an der Bergstrasse Germany). (2024):e2400671.
doi: 10.1002/smll.202400671

144. Diniz BS, Mendes-Silva AP, Silva LB, Bertola L, Vieira MC, Ferreira JD, et al.
Oxidative stress markers imbalance in late-life depression. J Psychiatr Res. (2018)
102:29-33. doi: 10.1016/j.jpsychires.2018.02.023

145. Black CN, Bot M, Scheffer PG, Penninx BW. Oxidative stress in major
depressive and anxiety disorders, and the association with antidepressant use; results
from a large adult cohort. Psychol Med. (2017) 47:936-48. doi: 10.1017/
$0033291716002828

146. Bharti V, Bhardwaj A, Hood K, Elias DA, Metcalfe AWS, Kim JS. A systematic

review and meta-analysis of lipid metabolomic signatures of Major Depressive
Disorder. J Psychiatr Res. (2021) 139:197-205. doi: 10.1016/j.jpsychires.2021.05.036

147. Kopf D, Westphal S, Luley CW, Ritter S, Gilles M, Weber-Hamann B, et al.
Lipid metabolism and insulin resistance in depressed patients: significance of weight,
hypercortisolism, and antidepressant treatment. J Clin Psychopharmacol. (2004)
24:527-31. doi: 10.1097/01.jcp.0000138762.23482.63

148. Severus WE, Littman AB, Stoll AL. Omega-3 fatty acids, homocysteine, and the
increased risk of cardiovascular mortality in major depressive disorder. Harv Rev
Psychiatry. (2001) 9:280-93. doi: 10.1080/10673220127910

frontiersin.org


https://doi.org/10.1111/cns.70324
https://doi.org/10.1001/jamapsychiatry.2014.2206
https://doi.org/10.1096/fba.2024-00123
https://doi.org/10.33160/yam.2025.02.007
https://doi.org/10.1002/npr2.12099
https://doi.org/10.1016/j.bbrc.2021.03.062
https://doi.org/10.7554/eLife.15092
https://doi.org/10.7554/eLife.15092
https://doi.org/10.3390/diagnostics12040813
https://doi.org/10.1016/j.psyneuen.2014.09.025
https://doi.org/10.1016/j.psychres.2014.04.005
https://doi.org/10.1016/j.psychres.2014.04.005
https://doi.org/10.1111/bdi.12980
https://doi.org/10.1016/j.psychres.2007.07.019
https://doi.org/10.1016/S1734-1140(09)70084-2
https://doi.org/10.1016/j.psyneuen.2010.03.010
https://doi.org/10.1016/S0008-6363(00)00097-3
https://doi.org/10.1016/S0008-6363(00)00097-3
https://doi.org/10.1016/S0891-5849(99)00264-6
https://doi.org/10.1016/S0891-5849(99)00264-6
https://doi.org/10.1016/S0165-0327(00)00199-3
https://doi.org/10.1016/S0165-0327(00)00199-3
https://doi.org/10.1016/j.pnpbp.2006.04.012
https://doi.org/10.1080/13547500500215084
https://doi.org/10.1080/13547500500215084
https://doi.org/10.1007/s11136-017-1741-z
https://doi.org/10.1007/s12640-018-9906-2
https://doi.org/10.1016/B978-0-12-024911-4.50008-8
https://doi.org/10.1194/jlr.M017079
https://doi.org/10.1194/jlr.R024513
https://doi.org/10.3892/mmr.2015.3930
https://doi.org/10.1016/S1388-1981(00)00153-0
https://doi.org/10.14797/mdcj-15-1-47
https://doi.org/10.14797/mdcj-15-1-47
https://doi.org/10.1016/j.bbi.2023.08.007
https://doi.org/10.1111/j.1600-0447.1994.tb01589.x
https://doi.org/10.1111/j.1600-0447.1994.tb01589.x
https://doi.org/10.1101/2023.02.10.23285746
https://doi.org/10.1155/2019/8563845
https://doi.org/10.3389/fphar.2023.1121819
https://doi.org/10.3389/fphar.2023.1121819
https://doi.org/10.3390/antiox11030540
https://doi.org/10.1016/j.it.2005.11.006
https://doi.org/10.1161/01.ATV.20.6.1536
https://doi.org/10.1016/j.biopsycho.2005.11.011
https://doi.org/10.1016/j.jpsychires.2005.01.009
https://doi.org/10.1097/01.psy.0000195780.37277.2a
https://doi.org/10.1097/01.psy.0000195780.37277.2a
https://doi.org/10.1007/s12640-017-9835-5
https://doi.org/10.1007/s12031-019-01401-0
https://doi.org/10.1002/smll.202400671
https://doi.org/10.1016/j.jpsychires.2018.02.023
https://doi.org/10.1017/S0033291716002828
https://doi.org/10.1017/S0033291716002828
https://doi.org/10.1016/j.jpsychires.2021.05.036
https://doi.org/10.1097/01.jcp.0000138762.23482.63
https://doi.org/10.1080/10673220127910
https://doi.org/10.3389/fpsyt.2025.1589663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Luan et al.

149. Sadeghi M, Roohafza H, Afshar H, Rajabi F, Ramzani M, Shemirani H, et al.
Relationship between depression and apolipoproteins A and B: a case-control study.
Clinics (Sao Paulo Brazil). (2011) 66:113-7. doi: 10.1590/51807-59322011000100020

150. Horn JV, Lek M, Ibe N, Ellena RA, Beck WH, Bielicki JK, et al. Abstract 391:
apolipoprotein E3, apolipoprotein Al, and apolipophorin III chimeras provide insight
into the domain organization of apolipoproteins. Arteriosclerosis Thrombosis Vasc Biol.
(2016) 36:A391-1. doi: 10.1161/atvb.36.suppl_1.391

151. Xu HB, Zhang RF, Luo D, Zhou Y, Wang Y, Fang L, et al. Comparative
proteomic analysis of plasma from major depressive patients: identification of proteins
associated with lipid metabolism and immunoregulation. Int ] Neuropsychopharmacol.
(2012) 15:1413-25. doi: 10.1017/S1461145712000302

152. Tapiero H, Ba GN, Couvreur P, Tew KD. Polyunsaturated fatty acids (PUFA)
and eicosanoids in human health and pathologies. BioMed Pharmacother. (2002)
56:215-22. doi: 10.1016/S0753-3322(02)00193-2

153. Chilton FH, Dutta R, Reynolds LM, Sergeant S, Mathias RA, Seeds MC.
Precision nutrition and omega-3 polyunsaturated fatty acids: A case for personalized
supplementation approaches for the prevention and management of human diseases.
Nutrients. (2017) 9. doi: 10.3390/nu9111165

154. Gopaldas M, Zanderigo F, Zhan S, Ogden RT, Miller JM, Rubin-Falcone H,
et al. Brain serotonin transporter binding, plasma arachidonic acid and depression
severity: A positron emission tomography study of major depression. J Affect Disord.
(2019) 257:495-503. doi: 10.1016/j.jad.2019.07.035

155. Freeman MP, Hibbeln JR, Wisner KL, Davis JM, Mischoulon D, Peet M, et al.
Omega-3 fatty acids: evidence basis for treatment and future research in psychiatry. J
Clin Psychiatry. (2006) 67:1954-67. doi: 10.4088/JCP.v67n1217

156. Messamore E, Almeida DM, Jandacek R], McNamara RK. Polyunsaturated
fatty acids and recurrent mood disorders: Phenomenology, mechanisms, and clinical
application. Prog Lipid Res. (2017) 66:1-13. doi: 10.1016/j.plipres.2017.01.001

157. Bozzatello P, Blua C, Rocca P, Bellino S. Mental health in childhood and
adolescence: the role of polyunsaturated fatty acids. Biomedicines. (2021) 9.
doi: 10.3390/biomedicines9080850

158. Maes M, Christophe A, Delanghe J, Altamura C, Neels H, Meltzer HY. Lowered
omega3 polyunsaturated fatty acids in serum phospholipids and cholesteryl esters of
depressed patients. Psychiatry Res. (1999) 85:275-91. doi: 10.1016/S0165-1781(99)
00014-1

159. Tsuchimine S, Saito M, Kaneko S, Yasui-Furukori N. Decreased serum levels of
polyunsaturated fatty acids and folate, but not brain-derived neurotrophic factor, in
childhood and adolescent females with depression. Psychiatry Res. (2015) 225:187-90.
doi: 10.1016/j.psychres.2014.11.018

160. Zhou X, Liu L, Lan X, Cohen D, Zhang Y, Ravindran AV, et al. Polyunsaturated
fatty acids metabolism, purine metabolism and inosine as potential independent
diagnostic biomarkers for major depressive disorder in children and adolescents.
Mol Psychiatry. (2019) 24:1478-88. doi: 10.1038/s41380-018-0047-z

161. Owen C, Rees AM, Parker G. The role of fatty acids in the development and
treatment of mood disorders. Curr Opin Psychiatry. (2008) 21:19-24. doi: 10.1097/
YCO.0b013e328229841

162. Nemets H, Nemets B, Apter A, Bracha Z, Belmaker RH. Omega-3 treatment of
childhood depression: a controlled, double-blind pilot study. Am J Psychiatry. (2006)
163:1098-100. doi: 10.1176/ajp.2006.163.6.1098

163. Nemets B, Stahl Z, Belmaker RH. Addition of omega-3 fatty acid to
maintenance medication treatment for recurrent unipolar depressive disorder. Am |
Psychiatry. (2002) 159:477-9. doi: 10.1176/appi.ajp.159.3.477

164. McNamara RK, Strimpfel J, Jandacek R, Rider T, Tso P, Welge JA, et al.
Detection and treatment of long-chain omega-3 fatty acid deficiency in adolescents
with SSRI-resistant major depressive disorder. PharmaNutrition. (2014) 2:38-46.
doi: 10.1016/j.phanu.2014.02.002

165. Zeng L, Lv H, Wang X, Xue R, Zhou C, Liu X, et al. Causal effects of fatty acids
on depression: Mendelian randomization study. Front Nutr. (2022) 9:1010476.
doi: 10.3389/fnut.2022.1010476

166. Liao Y, Xie B, Zhang H, He Q, Guo L, Subramanieapillai M, et al. Efficacy of
omega-3 PUFAs in depression: A meta-analysis. Trans Psychiatry. (2019) 9:190.
doi: 10.1038/s41398-019-0515-5

167. Afzaal M, Saeed F, Shah YA, Hussain M, Rabail R, Socol CT, et al. Human gut
microbiota in health and disease: Unveiling the relationship. Front Microbiol. (2022)
13:999001. doi: 10.3389/fmicb.2022.999001

168. Xu H, Wang Z, Zhu L, Sui Z, Bi W, Liu R, et al. Targeted neurotransmitters
profiling identifies metabolic signatures in rat brain by LC-MS/MS: application in
insomnia, depression and alzheimer’s disease. Molecules (Basel Switzerland). (2018) 23.
doi: 10.3390/molecules23092375

169. Gong X, Huang C, Yang X, Chen J, Pu J, He Y, et al. Altered fecal metabolites
and colonic glycerophospholipids were associated with abnormal composition of gut
microbiota in a depression model of mice. Front Neurosci. (2021) 15:701355.
doi: 10.3389/fnins.2021.701355

170. ChenY, LiJ, Le D, Zhang Y, Liao Z. A mediation analysis of the role of total free
fatty acids on pertinence of gut microbiota composition and cognitive function in late
life depression. Lipids Health Dis. (2024) 23:64. doi: 10.1186/s12944-024-02056-6

171. Wu]J, Chai T, Zhang H, Huang Y, Perry SW, Li Y, et al. Changes in gut viral and
bacterial species correlate with altered 1,2-diacylglyceride levels and structure in the

Frontiers in Psychiatry

21

10.3389/fpsyt.2025.1589663

prefrontal cortex in a depression-like non-human primate model. Trans Psychiatry.
(2022) 12:74. doi: 10.1038/s41398-022-01836-x

172. Hu K, Liao XX, Wu XY, Wang R, Hu ZW, Liu SY, et al. Effects of the lipid
metabolites and the gut microbiota in apoE(-/-) mice on atherosclerosis co-depression
from the microbiota-gut-brain axis. Front Mol Biosci. (2022) 9:786492. doi: 10.3389/
fmolb.2022.786492

173. Mitchell AJ, Vaze A, Rao S. Clinical diagnosis of depression in primary care: a
meta-analysis. Lancet. (2009) 374:609-19. doi: 10.1016/S0140-6736(09)60879-5

174. Fuchikami M, Morinobu S, Segawa M, Okamoto Y, Yamawaki S, Ozaki N, et al.
DNA methylation profiles of the brain-derived neurotrophic factor (BDNF) gene as a
potent diagnostic biomarker in major depression. PloS One. (2011) 6:€23881.
doi: 10.1371/journal.pone.0023881

175. Lo LH, Huang TL, Shiea J. Acid hydrolysis followed by matrix-assisted laser
desorption/ionization mass spectrometry for the rapid diagnosis of serum protein
biomarkers in patients with major depression. Rapid Commun Mass Spectrom. (2009)
23:589-98. doi: 10.1002/rcm.v23:5

176. Lindberg G, Larsson G, Setterlind S, Rastam L. Serum lipids and mood in
working men and women in Sweden. ] Epidemiol Community Health. (1994) 48:360-3.
doi: 10.1136/jech.48.4.360

177. Cipriani A, Zhou X, Del Giovane C, Hetrick SE, Qin B, Whittington C, et al.
Comparative efficacy and tolerability of antidepressants for major depressive disorder
in children and adolescents: a network meta-analysis. Lancet. (2016) 388:881-90.
doi: 10.1016/S0140-6736(16)30385-3

178. Bylund DB, Reed AL. Childhood and adolescent depression: why do children
and adults respond differently to antidepressant drugs? Neurochem Int. (2007) 51:246—
53. doi: 10.1016/j.neuint.2007.06.025

179. La Rocque CL, Harkness KL, Bagby RM. The differential relation of childhood
maltreatment to stress sensitization in adolescent and young adult depression. J
Adolesc. (2014) 37:871-82. doi: 10.1016/j.adolescence.2014.05.012

180. Amin N, Liu J, Bonnechere B, MahmoudianDehkordi S, Arnold M, Batra R,
et al. Interplay of metabolome and gut microbiome in individuals with major
depressive disorder vs control individuals. JAMA Psychiatry. (2023) 80:597-609.
doi: 10.1001/jamapsychiatry.2023.0685

181. Milaneschi Y, Simmons WK, van Rossum EFC, Penninx BW. Depression and
obesity: evidence of shared biological mechanisms. Mol Psychiatry. (2019) 24:18-33.
doi: 10.1038/s41380-018-0017-5

182. Pan A, Keum N, Okereke OI, Sun Q, Kivimaki M, Rubin RR, et al. Bidirectional
association between depression and metabolic syndrome: a systematic review and
meta-analysis of epidemiological studies. Diabetes Care. (2012) 35:1171-80.
doi: 10.2337/dc11-2055

183. Deleskog A, Ljung R, Forsell Y, Nevriana A, Almas A, Moller J. Severity of
depression, anxious distress and the risk of type 2 diabetes - a population-based cohort
study in Sweden. BMC Public Health. (2019) 19:1174. doi: 10.1186/s12889-019-7322-z

184. Deleskog A, Ljung R, Forsell Y, Nevriana A, Almas A, Méller J. Correction to:
Severity of depression, anxious distress and the risk of type 2 diabetes - a population-
based cohort study in Sweden. BMC Public Health. (2019) 19:1268. doi: 10.1186/
512889-019-7587-2

185. Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BW, et al.
Overweight, obesity, and depression: a systematic review and meta-analysis of
longitudinal studies. Arch Gen Psychiatry. (2010) 67:220-9. doi: 10.1001/
archgenpsychiatry.2010.2

186. Shand G, Fuller DT, Lufkin L, Lovelett C, Pal N, Mondal S, et al. A stronger
association of depression with rheumatoid arthritis in presence of obesity and
hypertriglyceridemia. Front Epidemiol. (2023) 3:1216497. doi: 10.3389/fepid.2023.1216497

187. Bagcchi S. WHO’s global tuberculosis report 2022. Lancet Microbe. (2023) 4:
€20. doi: 10.1016/52666-5247(22)00359-7

188. Mason PH, Sweetland AC, Fox GJ, Halovic S, Nguyen TA, Marks GB.
Tuberculosis and mental health in the Asia-Pacific. Australas psychiatry: Bull R Aust
New Z Coll Psychiatrists. (2016) 24:553-5. doi: 10.1177/1039856216649770

189. Peyron P, Vaubourgeix ], Poquet Y, Levillain F, Botanch C, Bardou F, et al.
Foamy macrophages from tuberculous patients’ granulomas constitute a nutrient-rich
reservoir for M. tuberculosis persistence. PloS Pathog. (2008) 4:21000204. doi: 10.1371/
journal.ppat.1000204

190. Singh V, Jamwal S, Jain R, Verma P, Gokhale R, Rao KV. Mycobacterium
tuberculosis-driven targeted recalibration of macrophage lipid homeostasis promotes the
foamy phenotype. Cell host Microbe. (2012) 12:669-81. doi: 10.1016/j.chom.2012.09.012

191. Thiam AR, Farese RV Jr., Walther TC. The biophysics and cell biology of lipid
droplets. Nat Rev Mol Cell Biol. (2013) 14:775-86. doi: 10.1038/nrm3699

192. Cotes K, Bakala N’goma ] C, Dhouib R, Douchet I, Maurin D, Carriére F, et al.
Lipolytic enzymes in Mycobacterium tuberculosis. Appl Microbiol Biotechnol. (2008)
78:741-9. doi: 10.1007/500253-008-1397-2

193. Singh G, Singh G, Jadeja D, Kaur J. Lipid hydrolizing enzymes in virulence:
Mycobacterium tuberculosis as a model system. Crit Rev Microbiol. (2010) 36:259-69.
doi: 10.3109/1040841X.2010.482923

194. Lee W, VanderVen BC, Fahey R], Russell DG. Intracellular Mycobacterium

tuberculosis exploits host-derived fatty acids to limit metabolic stress. J Biol Chem.
(2013) 288:6788-800. doi: 10.1074/jbc.M112.445056

frontiersin.org


https://doi.org/10.1590/S1807-59322011000100020
https://doi.org/10.1161/atvb.36.suppl_1.391
https://doi.org/10.1017/S1461145712000302
https://doi.org/10.1016/S0753-3322(02)00193-2
https://doi.org/10.3390/nu9111165
https://doi.org/10.1016/j.jad.2019.07.035
https://doi.org/10.4088/JCP.v67n1217
https://doi.org/10.1016/j.plipres.2017.01.001
https://doi.org/10.3390/biomedicines9080850
https://doi.org/10.1016/S0165-1781(99)00014-1
https://doi.org/10.1016/S0165-1781(99)00014-1
https://doi.org/10.1016/j.psychres.2014.11.018
https://doi.org/10.1038/s41380-018-0047-z
https://doi.org/10.1097/YCO.0b013e3282f29841
https://doi.org/10.1097/YCO.0b013e3282f29841
https://doi.org/10.1176/ajp.2006.163.6.1098
https://doi.org/10.1176/appi.ajp.159.3.477
https://doi.org/10.1016/j.phanu.2014.02.002
https://doi.org/10.3389/fnut.2022.1010476
https://doi.org/10.1038/s41398-019-0515-5
https://doi.org/10.3389/fmicb.2022.999001
https://doi.org/10.3390/molecules23092375
https://doi.org/10.3389/fnins.2021.701355
https://doi.org/10.1186/s12944-024-02056-6
https://doi.org/10.1038/s41398-022-01836-x
https://doi.org/10.3389/fmolb.2022.786492
https://doi.org/10.3389/fmolb.2022.786492
https://doi.org/10.1016/S0140-6736(09)60879-5
https://doi.org/10.1371/journal.pone.0023881
https://doi.org/10.1002/rcm.v23:5
https://doi.org/10.1136/jech.48.4.360
https://doi.org/10.1016/S0140-6736(16)30385-3
https://doi.org/10.1016/j.neuint.2007.06.025
https://doi.org/10.1016/j.adolescence.2014.05.012
https://doi.org/10.1001/jamapsychiatry.2023.0685
https://doi.org/10.1038/s41380-018-0017-5
https://doi.org/10.2337/dc11-2055
https://doi.org/10.1186/s12889-019-7322-z
https://doi.org/10.1186/s12889-019-7587-2
https://doi.org/10.1186/s12889-019-7587-2
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.3389/fepid.2023.1216497
https://doi.org/10.1016/S2666-5247(22)00359-7
https://doi.org/10.1177/1039856216649770
https://doi.org/10.1371/journal.ppat.1000204
https://doi.org/10.1371/journal.ppat.1000204
https://doi.org/10.1016/j.chom.2012.09.012
https://doi.org/10.1038/nrm3699
https://doi.org/10.1007/s00253-008-1397-2
https://doi.org/10.3109/1040841X.2010.482923
https://doi.org/10.1074/jbc.M112.445056
https://doi.org/10.3389/fpsyt.2025.1589663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Luan et al.

195. Almeida PE, Silva AR, Maya-Monteiro CM, Térécsik D, D’Avila H, Dezsé B,
et al. Mycobacterium bovis bacillus Calmette-Gueérin infection induces TLR2-
dependent peroxisome proliferator-activated receptor gamma expression and
activation: functions in inflammation, lipid metabolism, and pathogenesis. |
Immunol. (2009) 183:1337-45. doi: 10.4049/jimmunol.0900365

196. Rajaram MV, Brooks MN, Morris JD, Torrelles JB, Azad AK, Schlesinger LS.
Mycobacterium tuberculosis activates human macrophage peroxisome proliferator-
activated receptor gamma linking mannose receptor recognition to regulation of
immune responses. ] Immunol. (2010) 185:929-42. doi: 10.4049/jimmunol.1000866

197. Mahajan S, Dkhar HK, Chandra V, Dave S, Nanduri R, Janmeja AK, et al.
Mycobacterium tuberculosis modulates macrophage lipid-sensing nuclear receptors
PPARy and TR4 for survival. J Immunol. (2012) 188:5593-603. doi: 10.4049/
jimmunol.1103038

198. Janeway CAJr., Medzhitov R. Innate immune recognition. Annu Rev Immunol.
(2002) 20:197-216. doi: 10.1146/annurev.immunol.20.083001.084359

199. Rosenberger K, Derkow K, Dembny P, Kriiger C, Schott E, Lehnardt S. The
impact of single and pairwise Toll-like receptor activation on neuroinflammation and
neurodegeneration. J neuroinflammation. (2014) 11:166. doi: 10.1186/s12974-014-
0166-7

200. Furuyashiki T, Akiyama S, Kitaoka S. Roles of multiple lipid mediators in stress
and depression. Int Immunol. (2019) 31:579-87. doi: 10.1093/intimm/dxz023

201. Gui SW, Liu YY, Zhong XG, Liu X, Zheng P, Pu JC, et al. Plasma disturbance of
phospholipid metabolism in major depressive disorder by integration of proteomics
and metabolomics. Neuropsychiatr Dis Treat. (2018) 14:1451-61. doi: 10.2147/
NDT.S164134

202. Peng R, Dai W, Li Y. Low serum free thyroxine level is correlated with lipid
profile in depressive patients with suicide attempt. Psychiatry Res. (2018) 266:111-5.
doi: 10.1016/j.psychres.2018.05.059

203. Bazinet RP, Layé S. Polyunsaturated fatty acids and their metabolites in brain
function and disease. Nat Rev Neurosci. (2014) 15:771-85. doi: 10.1038/nrn3820

204. Jordao L, Lengeling A, Bordat Y, Boudou F, Gicquel B, Neyrolles O, et al. Effects
of omega-3 and -6 fatty acids on Mycobacterium tuberculosis in macrophages and in
mice. Microbes Infect. (2008) 10:1379-86. doi: 10.1016/j.micinf.2008.08.004

205. Oddy WH, Hickling S, Smith MA, O’Sullivan TA, Robinson M, de Klerk NH,
et al. Dietary intake of omega-3 fatty acids and risk of depressive symptoms in
adolescents. Depress Anxiety. (2011) 28:582-8. doi: 10.1002/da.20822

206. Dietzold J, Gopalakrishnan A, Salgame P. Duality of lipid mediators in host
response against Mycobacterium tuberculosis: good cop, bad cop. F1000Prime Rep.
(2015) 7:29. doi: 10.12703/P7-29

207. Chen M, Divangahi M, Gan H, Shin DS, Hong S, Lee DM, et al. Lipid mediators
in innate immunity against tuberculosis: opposing roles of PGE2 and LXA4 in the
induction of macrophage death. J Exp Med. (2008) 205:2791-801. doi: 10.1084/
jem.20080767

208. Divangahi M, Behar SM, Remold H. Dying to live: how the death modality of
the infected macrophage affects immunity to tuberculosis. Adv Exp Med Biol. (2013)
783:103-20. doi: 10.1007/978-1-4614-6111-1

209. Lee JY, Jung YW, Jeong I, Joh JS, Sim SY, Choi B, et al. Immune parameters
differentiating active from latent tuberculosis infection in humans. Tuberculosis
(Edinb). (2015) 95:758-63. doi: 10.1016/j.tube.2015.08.003

210. Pan SJ, Tan YL, Yao SW, Xin Y, Yang X, Liu J, et al. Fluoxetine induces lipid
metabolism abnormalities by acting on the liver in patients and mice with depression.
Acta Pharmacol Sin. (2018) 39:1463-72. doi: 10.1038/aps.2017.207

211. Marventano S, Kolacz P, Castellano S, Galvano F, Buscemi S, Mistretta A, et al.
A review of recent evidence in human studies of n-3 and n-6 PUFA intake on
cardiovascular disease, cancer, and depressive disorders: does the ratio really matter?
Int ] Food Sci Nutr. (2015) 66:611-22. doi: 10.3109/09637486.2015.1077790

212. Rameshwaram NR, Singh P, Ghosh S, Mukhopadhyay S. Lipid metabolism and
intracellular bacterial virulence: key to next-generation therapeutics. Future Microbiol.
(2018) 13:1301-28. doi: 10.2217/fmb-2018-0013

213. Kinsella RJ, Fitzpatrick DA, Creevey CJ, McInerney JO. Fatty acid biosynthesis
in Mycobacterium tuberculosis: lateral gene transfer, adaptive evolution, and gene
duplication. Proc Natl Acad Sci United States America. (2003) 100:10320-5.
doi: 10.1073/pnas.1737230100

214. Fernandes MF, Mutch DM, Leri F. The relationship between fatty acids and
different depression-related brain regions, and their potential role as biomarkers of
response to antidepressants. Nutrients. (2017) 9. doi: 10.3390/n1u9030298

215. He W, Li Q, Li X. Acetyl-CoA regulates lipid metabolism and histone
acetylation modification in cancer. Biochim Biophys Acta Rev Cancer. (2023)
1878:188837. doi: 10.1016/j.bbcan.2022.188837

216. Laviano A, Cascino A, Muscaritoli M, Fanfarillo F, Rossi Fanelli F. Tumor-induced
changes in host metabolism: a possible role for free tryptophan as a marker of neoplastic
disease. Adv Exp Med Biol. (2003) 527:363-6. doi: 10.1007/978-1-4615-0135-0_41

217. Chen X, Kang R, Kroemer G, Tang D. Broadening horizons: the role of
ferroptosis in cancer. Nat Rev Clin Oncol. (2021) 18:280-96. doi: 10.1038/s41571-
020-00462-0

Frontiers in Psychiatry

10.3389/fpsyt.2025.1589663

218. Yu M, Gai C, Li Z, Ding D, Zheng J, Zhang W, et al. Targeted exosome-
encapsulated erastin induced ferroptosis in triple negative breast cancer cells. Cancer
Sci. (2019) 110:3173-82. doi: 10.1111/cas.v110.10

219. Jiao H, Yang H, Yan Z, Chen J, Xu M, Jiang Y, et al. Traditional chinese formula
xiaoyaosan alleviates depressive-like behavior in CUMS mice by regulating PEBP1-
GPX4-mediated ferroptosis in the hippocampus. Neuropsychiatr Dis Treat. (2021)
17:1001-19. doi: 10.2147/NDT.S302443

220. Portugal-Nunes C, Castanho TC, Amorim L, Moreira PS, Mariz ], Marques F,
et al. Iron status is associated with mood, cognition, and functional ability in older
adults: A cross-sectional study. Nutrients. (2020) 12. doi: 10.3390/nu12113594

221. Cui Z, Zhao X, Amevor FK, Du X, Wang Y, Li D, et al. Therapeutic application
of quercetin in aging-related diseases: SIRT1 as a potential mechanism. Front Immunol.
(2022) 13:943321. doi: 10.3389/fimmu.2022.943321

222. Ye Z, Ganesan K, Wu M, Hu Y, She Y, Tian Q, et al. Crosstalk between
depression and breast cancer via hepatic epoxide metabolism: A central comorbidity
mechanism. Molecules (Basel Switzerland). (2022) 27. doi: 10.3390/molecules27217269

223. Okereke OI, Vyas CM, Mischoulon D, Chang G, Cook NR, Weinberg A, et al.
Effect of long-term supplementation with marine omega-3 fatty acids vs placebo on risk
of depression or clinically relevant depressive symptoms and on change in mood scores:
A randomized clinical trial. Jama. (2021) 326:2385-94. doi: 10.1001/jama.2021.21187

224. Zhang M, Liu C, Zhang X, Zhao L, Li Y, Su M. The impact of a diet rich in
omega-3 fatty acids on the quality of life of patients with squamous cell lung cancer and
comorbid depression: A retrospective study. Actas espanolas psiquiatria. (2024)
52:445-52. doi: 10.62641/aep.v52i4.1654

225. Kobayakawa M, Yamawaki S, Hamazaki K, Akechi T, Inagaki M, Uchitomi Y.
Levels of omega-3 fatty acid in serum phospholipids and depression in patients with
lung cancer. Br ] Cancer. (2005) 93:1329-33. doi: 10.1038/sj.bjc.6602877

226. Suzuki S, Akechi T, Kobayashi M, Taniguchi K, Goto K, Sasaki S, et al. Daily
omega-3 fatty acid intake and depression in Japanese patients with newly diagnosed
lung cancer. Br ] Cancer. (2004) 90:787-93. doi: 10.1038/sj.bjc.6601621

227. Okubo R, Noguchi H, Hamazaki K, Sekiguchi M, Kinoshita T, Katsumata N,
et al. Association between blood polyunsaturated fatty acid levels and depressive
symptoms in breast cancer survivors. Prostaglandins leukotrienes essential fatty Acids.
(2018) 139:9-13. doi: 10.1016/j.plefa.2018.11.002

228. Savard J, Moussa H, Pelletier JF, Julien P, Lacombe L, Tiguert R, et al. Effects of
omega-3 supplementation on psychological symptoms in men with prostate cancer:
Secondary analysis of a double-blind placebo-controlled randomized trial. Cancer Med.
(2023) 12:20163-76. doi: 10.1002/cam4.v12.19

229. Hankey GJ. Stroke. Lancet (London England). (2017) 389:641-54. doi: 10.1016/
S0140-6736(16)30962-X

230. Das J, Rajanikant GK. Post stroke depression: The sequelae of cerebral stroke.
Neurosci biobehavioral Rev. (2018) 90:104-14. doi: 10.1016/j.neubiorev.2018.04.005

231. Kim JS. Post-stroke mood and emotional disturbances: pharmacological
therapy based on mechanisms. J stroke. (2016) 18:244-55. doi: 10.5853/j0s.2016.01144

232. Villa RF, Ferrari F, Moretti A. Post-stroke depression: Mechanisms and
pharmacological treatment. Pharmacol Ther. (2018) 184:131-44. doi: 10.1016/
j.pharmthera.2017.11.005

233. Bang OY, Saver JL, Liebeskind DS, Pineda S, Ovbiagele B. Association of serum
lipid indices with large artery atherosclerotic stroke. Neurology. (2008) 70:841-7.
doi: 10.1212/01.wnl.0000294323.48661.a9

234. Amarenco P, Goldstein LB, Messig M, O’Neill BJ, Callahan A 3rd, Sillesen H,
et al. Relative and cumulative effects of lipid and blood pressure control in the Stroke
Prevention by Aggressive Reduction in Cholesterol Levels trial. Stroke. (2009) 40:2486-
92. doi: 10.1161/STROKEAHA.108.546135

235. Dong H, Chen W, Wang X, Pi F, Wu Y, Pang S, et al. Apolipoprotein Al, B
levels, and their ratio and the risk of a first stroke: a meta-analysis and case-control
study. Metab Brain Dis. (2015) 30:1319-30. doi: 10.1007/s11011-015-9732-7

236. Shen H, Tu X, Luan X, Zeng Y, He J, Tang W. Serum lipid profiles and post-
stroke depression in acute ischemic stroke patients. Neuropsychiatr Dis Treat. (2019)
15:1573-83. doi: 10.2147/NDT.S204791

237. Fisher EA, Feig JE, Hewing B, Hazen SL, Smith JD. High-density lipoprotein
function, dysfunction, and reverse cholesterol transport. Arteriosclerosis thrombosis
Vasc Biol. (2012) 32:2813-20. doi: 10.1161/ATVBAHA.112.300133

238. Kuwano N, Kato TA, Setoyama D, Sato-Kasai M, Shimokawa N, Hayakawa K,
et al. Tryptophan-kynurenine and lipid related metabolites as blood biomarkers for
first-episode drug-naive patients with major depressive disorder: An exploratory pilot
case-control study. J Affect Disord. (2018) 231:74-82. doi: 10.1016/j.jad.2018.01.014

239. Severs NJ. Low serum cholesterol and suicide. Lancet (London England). (1992)
339:1001. doi: 10.1016/0140-6736(92)91589-Z

240. Epstein FH. Low serum cholesterol and death due to accidents, violence, or
suicide. Lancet (London England). (1993) 341:1150. doi: 10.1016/0140-6736(93)
93165-W

241. Cartocci V, Servadio M, Trezza V, Pallottini V. Can cholesterol metabolism
modulation affect brain function and behavior? ] Cell Physiol. (2017) 232:281-6.
doi: 10.1002/jcp.25488

frontiersin.org


https://doi.org/10.4049/jimmunol.0900365
https://doi.org/10.4049/jimmunol.1000866
https://doi.org/10.4049/jimmunol.1103038
https://doi.org/10.4049/jimmunol.1103038
https://doi.org/10.1146/annurev.immunol.20.083001.084359
https://doi.org/10.1186/s12974-014-0166-7
https://doi.org/10.1186/s12974-014-0166-7
https://doi.org/10.1093/intimm/dxz023
https://doi.org/10.2147/NDT.S164134
https://doi.org/10.2147/NDT.S164134
https://doi.org/10.1016/j.psychres.2018.05.059
https://doi.org/10.1038/nrn3820
https://doi.org/10.1016/j.micinf.2008.08.004
https://doi.org/10.1002/da.20822
https://doi.org/10.12703/P7-29
https://doi.org/10.1084/jem.20080767
https://doi.org/10.1084/jem.20080767
https://doi.org/10.1007/978-1-4614-6111-1
https://doi.org/10.1016/j.tube.2015.08.003
https://doi.org/10.1038/aps.2017.207
https://doi.org/10.3109/09637486.2015.1077790
https://doi.org/10.2217/fmb-2018-0013
https://doi.org/10.1073/pnas.1737230100
https://doi.org/10.3390/nu9030298
https://doi.org/10.1016/j.bbcan.2022.188837
https://doi.org/10.1007/978-1-4615-0135-0_41
https://doi.org/10.1038/s41571-020-00462-0
https://doi.org/10.1038/s41571-020-00462-0
https://doi.org/10.1111/cas.v110.10
https://doi.org/10.2147/NDT.S302443
https://doi.org/10.3390/nu12113594
https://doi.org/10.3389/fimmu.2022.943321
https://doi.org/10.3390/molecules27217269
https://doi.org/10.1001/jama.2021.21187
https://doi.org/10.62641/aep.v52i4.1654
https://doi.org/10.1038/sj.bjc.6602877
https://doi.org/10.1038/sj.bjc.6601621
https://doi.org/10.1016/j.plefa.2018.11.002
https://doi.org/10.1002/cam4.v12.19
https://doi.org/10.1016/S0140-6736(16)30962-X
https://doi.org/10.1016/S0140-6736(16)30962-X
https://doi.org/10.1016/j.neubiorev.2018.04.005
https://doi.org/10.5853/jos.2016.01144
https://doi.org/10.1016/j.pharmthera.2017.11.005
https://doi.org/10.1016/j.pharmthera.2017.11.005
https://doi.org/10.1212/01.wnl.0000294323.48661.a9
https://doi.org/10.1161/STROKEAHA.108.546135
https://doi.org/10.1007/s11011-015-9732-7
https://doi.org/10.2147/NDT.S204791
https://doi.org/10.1161/ATVBAHA.112.300133
https://doi.org/10.1016/j.jad.2018.01.014
https://doi.org/10.1016/0140-6736(92)91589-Z
https://doi.org/10.1016/0140-6736(93)93165-W
https://doi.org/10.1016/0140-6736(93)93165-W
https://doi.org/10.1002/jcp.25488
https://doi.org/10.3389/fpsyt.2025.1589663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Luan et al.

242. El-Sayyad HI. Cholesterol overload impairing cerebellar function: the promise
of natural products. Nutr (Burbank Los Angeles County Calif.). (2015) 31:621-30.
doi: 10.1016/j.nut.2014.10.017

243. Jiang W, Gong L, Liu F, Ren Y, Mu J. Alteration of gut microbiome and
correlated lipid metabolism in post-stroke depression. Front Cell infection Microbiol.
(2021) 11:663967. doi: 10.3389/fcimb.2021.663967

244. Maes M, Smith R, Christophe A, Vandoolaeghe E, Van Gastel A, Neels H, et al.
Lower serum high-density lipoprotein cholesterol (HDL-C) in major depression and in
depressed men with serious suicidal attempts: relationship with immune-inflammatory
markers. Acta psychiatrica Scandinavica. (1997) 95:212-21. doi: 10.1111/j.1600-
0447.1997 tb09622.x

245. Maes M, Meltzer HY, Bosmans E, Bergmans R, Vandoolaeghe E, Ranjan R,
et al. Increased plasma concentrations of interleukin-6, soluble interleukin-6, soluble
interleukin-2 and transferrin receptor in major depression. J Affect Disord. (1995)
34:301-9. doi: 10.1016/0165-0327(95)00028-L

246. Catapano AL, Pirillo A, Bonacina F, Norata GD. HDL in innate and adaptive
immunity. Cardiovasc Res. (2014) 103:372-83. doi: 10.1093/cvr/cvul50

247. Camont L, Chapman M]J, Kontush A. Biological activities of HDL
subpopulations and their relevance to cardiovascular disease. Trends Mol Med.
(2011) 17:594-603. doi: 10.1016/j.molmed.2011.05.013

248. Robbins NM, Swanson RA. Opposing effects of glucose on stroke and
reperfusion injury: acidosis, oxidative stress, and energy metabolism. Stroke. (2014)
45:1881-6. doi: 10.1161/STROKEAHA.114.004889

249. Nabavi SF, Dean OM, Turner A, Sureda A, Daglia M, Nabavi SM. Oxidative
stress and post-stroke depression: possible therapeutic role of polyphenols? Curr
medicinal Chem. (2015) 22:343-51.

250. Nabavi SF, Dean OM, Turner A, Sureda A, Daglia M, Nabavi SM. Oxidative
stress and post-stroke depression: possible therapeutic role of polyphenols? Curr
medicinal Chem. (2014). doi: 10.2174/0929867321666141106122319

251. Youssef NA, Abdelmalek MF, Binks M, Guy CD, Omenetti A, Smith AD, et al.
Associations of depression, anxiety and antidepressants with histological severity of
nonalcoholic fatty liver disease. Liver international: Off ] Int Assoc Study Liver. (2013)
33:1062-70. doi: 10.1111/1iv.2013.33.issue-7

252. Petrak F, Baumeister H, Skinner TC, Brown A, Holt RIG. Depression and
diabetes: treatment and health-care delivery. Lancet Diabetes Endocrinol. (2015) 3:472-
85. doi: 10.1016/S2213-8587(15)00045-5

253. Lasaite L, Lasiene ], Kazanavicius G, Gostautas A. Associations of emotional
state and quality of life with lipid concentration, duration of the disease, and the way of
treating the disease in persons with type 2 diabetes mellitus. Medicina (Kaunas
Lithuania). (2009) 45:85-94. doi: 10.3390/medicina45020012

254. Fernstrom MH, Kupfer DJ. Antidepressant-induced weight gain: a comparison
study of four medications. Psychiatry Res. (1988) 26:265-71. doi: 10.1016/0165-1781
(88)90120-5

255. Yeragani VK, Pohl R, Aleem A, Balon R, Sherwood P, Lycaki H. Carbohydrate
craving and increased appetite associated with antidepressant therapy. Can J Psychiatry
Rev Can Psychiatr. (1988) 33:606-10. doi: 10.1177/070674378803300706

256. Noordam R, Lill K, Smit RAJ, Laisk T, Metspalu A, Esko T, et al. Stratification
of type 2 diabetes by age of diagnosis in the UK biobank reveals subgroup-specific
genetic associations and causal risk profiles. Diabetes. (2021) 70:1816-25. doi: 10.2337/
db20-0602

257. Huang W, Wang Z, Zou C, Liu Y, Pan Y, Lu J, et al. Effects of metabolic factors
in mediating the relationship between Type 2 diabetes and depression in East Asian
populations: A two-step, two-sample Mendelian randomization study. J Affect Disord.
(2023) 335:120-8. doi: 10.1016/j.jad.2023.04.114

258. Anita NZ, Forkan N, Kamal R, Nguyen MM, Yu D, Major-Orfao C, et al. Serum
soluble epoxide hydrolase related oxylipins and major depression in patients with type
2 diabetes. Psychoneuroendocrinology. (2021) 126:105149. doi: 10.1016/
j.psyneuen.2021.105149

259. Teng Z, Feng ], Dong Y, Xu J, Jiang X, Chen H, et al. Triglyceride glucose index
is associated with cerebral small vessel disease burden and cognitive impairment in
elderly patients with type 2 diabetes mellitus. Front Endocrinol. (2022) 13:970122.
doi: 10.3389/fend0.2022.970122

260. Tao LC, Xu JN, Wang TT, Hua F, Li J]. Triglyceride-glucose index as a marker
in cardiovascular diseases: landscape and limitations. Cardiovasc Diabetol. (2022)
21:68. doi: 10.1186/s12933-022-01511-x

261. Ren ], Lv C, Wang J. Association between triglyceride-glucose index and
depression in patients with type 2 diabetes: A cross-sectional study from NHANES.
Medicine. (2024) 103:¢39258. doi: 10.1097/MD.0000000000039258

262. Pouwer F, Nijpels G, Beekman AT, Dekker JM, van Dam RM, Heine RJ, et al.
Fat food for a bad mood. Could we treat and prevent depression in Type 2 diabetes by
means of omega-3 polyunsaturated fatty acids? A review of the evidence. Diabetic
medicine: A ] Br Diabetic Assoc. (2005) 22:1465-75. doi: 10.1111/j.1464-
5491.2005.01661.x

263. de Melo LGP, Nunes SOV, Anderson G, Vargas HO, Barbosa DS, Galecki P,
et al. Shared metabolic and immune-inflammatory, oxidative and nitrosative stress
pathways in the metabolic syndrome and mood disorders. Prog Neuropsychopharmacol
Biol Psychiatry. (2017) 78:34-50. doi: 10.1016/j.pnpbp.2017.04.027

Frontiers in Psychiatry

10.3389/fpsyt.2025.1589663

264. Mclntyre RS, Soczynska JK, Konarski JZ, Woldeyohannes HO, Law CW,
Miranda A, et al. Should depressive syndromes be reclassified as “Metabolic
syndrome type II"? Ann Clin psychiatry: Off ] Am Acad Clin Psychiatrists. (2007)
19:257-64. doi: 10.1080/10401230701653377

265. Bortolasci CC, Vargas HO, Souza-Nogueira A, Barbosa DS, Moreira EG, Nunes
SO, et al. Lowered plasma paraoxonase (PON)I1 activity is a trait marker of major
depression and PON1 Q192R gene polymorphism-smoking interactions differentially
predict the odds of major depression and bipolar disorder. J Affect Disord. (2014)
159:23-30. doi: 10.1016/j.jad.2014.02.018

266. Crow JA, Meek EC, Wills RW, Chambers JE. A case-control study: The
association of serum paraoxonase 1 activity and concentration with the development
of type 2 diabetes mellitus. Diabetes/metabolism Res Rev. (2018) 34. doi: 10.1002/
dmrr.v34.3

267. Wu D, Wu C, Zhong Y. The association between paraoxonase 1 activity and the
susceptibilities of diabetes mellitus, diabetic macroangiopathy and diabetic
microangiopathy. J Cell Mol Med. (2018) 22:4283-91. doi: 10.1111/jcmm.2018.22.issue-9

268. Passaro A, Vigna GB, Romani A, Sanz JM, Cavicchio C, Bonaccorsi G, et al.
Distribution of paraoxonase-1 (PON-1) and lipoprotein phospholipase A2 (Lp-PLA2)
across lipoprotein subclasses in subjects with type 2 diabetes. Oxid Med Cell Longevity.
(2018) 2018:1752940. doi: 10.1155/2018/1752940

269. Viktorinova A, Jurkovicova I, Fabryova L, Kinova S, Koren M, Stecova A, et al.
Abnormalities in the relationship of paraoxonase 1 with HDL and apolipoprotein Al
and their possible connection to HDL dysfunctionality in type 2 diabetes. Diabetes Res
Clin Pract. (2018) 140:174-82. doi: 10.1016/j.diabres.2018.03.055

270. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of nonalcoholic fatty liver disease-Meta-analytic assessment of
prevalence, incidence, and outcomes. Hepatol (Baltimore Md.). (2016) 64:73-84.
doi: 10.1002/hep.28431

271. Kim D, Manikat R, Shaikh A, Cholankeril G, Ahmed A. Depression in
nonalcoholic fatty liver disease and all-cause/cause-specific mortality. Eur J Clin
Invest. (2024) 54:¢14087. doi: 10.1111/eci.14087

272. Gu'Y, Zhang W, Hu Y, Chen Y, Shi J. Association between nonalcoholic fatty
liver disease and depression: A systematic review and meta-analysis of observational
studies. ] Affect Disord. (2022) 301:8-13. doi: 10.1016/j.jad.2021.12.128

273. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global,
regional, and national incidence, prevalence, and years lived with disability for 354
diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis
for the Global Burden of Disease Study 2017. Lancet (London England). (2018)
392:1789-858. doi: 10.1016/S0140-6736(18)32279-7

274. Shea S, Lionis C, Kite C, Atkinson L, Chaggar SS, Randeva HS, et al. Non-
alcoholic fatty liver disease (NAFLD) and potential links to depression, anxiety, and
chronic stress. Biomedicines. (2021) 9. doi: 10.3390/biomedicines9111697

275. Alboraie M, Youssef N, Sherief AF, Afify S, Wifi MN, Omran D, et al. Egyptian
liver library: An indexed database for liver disease evidence in Egypt. Arab |
gastroenterol. (2019) 20:109-13. doi: 10.1016/j.ajg.2019.05.004

276. Lee JW, Park SH. Association between depression and nonalcoholic fatty liver
disease: Contributions of insulin resistance and inflammation. J Affect Disord. (2021)
278:259-63. doi: 10.1016/j.jad.2020.09.073

277. Elwing JE, Lustman PJ, Wang HL, Clouse RE. Depression, anxiety, and
nonalcoholic steatohepatitis. Psychosomatic Med. (2006) 68:563-9. doi: 10.1097/
01.psy.0000221276.17823.df

278. Radford-Smith DE, Patel PJ, Irvine KM, Russell A, Siskind D, Anthony DC,
et al. Depressive symptoms in non-alcoholic fatty liver disease are identified by
perturbed lipid and lipoprotein metabolism. PloS One. (2022) 17:€0261555.
doi: 10.1371/journal.pone.0261555

279. Choi JM, Chung GE, Kang SJ, Kwak MS, Yang JI, Park B, et al. Association
between anxiety and depression and nonalcoholic fatty liver disease. Front Med. (2020)
7:585618. doi: 10.3389/fmed.2020.585618

280. SuM, Yan Z, Wang Y, Cai ], DongJ, Luo J, et al. Depression exacerbates hepatic
steatosis in C57BL/6] mice by activating the hypothalamic-pituitary-adrenal axis. In
Vivo (Athens Greece). (2024) 38:1677-89. doi: 10.21873/invivo.13618

281. Adorini L, Trauner M. FXR agonists in NASH treatment. J hepatol. (2023)
79:1317-31. doi: 10.1016/j.jhep.2023.07.034

282. Huang C, Wang J, Hu W, Wang C, Lu X, Tong L, et al. Identification of
functional farnesoid X receptors in brain neurons. FEBS Lett. (2016) 590:3233-42.
doi: 10.1002/1873-3468.12373

283. Keitel V, Gorg B, Bidmon HJ, Zemtsova I, Spomer L, Zilles K, et al. The bile acid
receptor TGR5 (Gpbar-1) acts as a neurosteroid receptor in brain. Glia. (2010)
58:1794-805. doi: 10.1002/glia.v58:15

284. Hadjihambi A, Konstantinou C, Klohs J, Monsorno K, Le Guennec A, Donnelly
C, et al. Partial MCT1 invalidation protects against diet-induced non-alcoholic fatty
liver disease and the associated brain dysfunction. J hepatol. (2023) 78:180-90.
doi: 10.1016/j.jhep.2022.08.008

285. Xu E, Wang B, Lu S, Zhang C, Zhu L, Liu X, et al. Tandem mass tag-based
quantitative proteomic analysis of the liver reveals potential protein targets of
Xiaochaihutang in CUMS model of depression. J chromatogr B Analytical Technol
Biomed Life Sci. (2021) 1181:122898. doi: 10.1016/j.jchromb.2021.122898

frontiersin.org


https://doi.org/10.1016/j.nut.2014.10.017
https://doi.org/10.3389/fcimb.2021.663967
https://doi.org/10.1111/j.1600-0447.1997.tb09622.x
https://doi.org/10.1111/j.1600-0447.1997.tb09622.x
https://doi.org/10.1016/0165-0327(95)00028-L
https://doi.org/10.1093/cvr/cvu150
https://doi.org/10.1016/j.molmed.2011.05.013
https://doi.org/10.1161/STROKEAHA.114.004889
https://doi.org/10.2174/0929867321666141106122319
https://doi.org/10.1111/liv.2013.33.issue-7
https://doi.org/10.1016/S2213-8587(15)00045-5
https://doi.org/10.3390/medicina45020012
https://doi.org/10.1016/0165-1781(88)90120-5
https://doi.org/10.1016/0165-1781(88)90120-5
https://doi.org/10.1177/070674378803300706
https://doi.org/10.2337/db20-0602
https://doi.org/10.2337/db20-0602
https://doi.org/10.1016/j.jad.2023.04.114
https://doi.org/10.1016/j.psyneuen.2021.105149
https://doi.org/10.1016/j.psyneuen.2021.105149
https://doi.org/10.3389/fendo.2022.970122
https://doi.org/10.1186/s12933-022-01511-x
https://doi.org/10.1097/MD.0000000000039258
https://doi.org/10.1111/j.1464-5491.2005.01661.x
https://doi.org/10.1111/j.1464-5491.2005.01661.x
https://doi.org/10.1016/j.pnpbp.2017.04.027
https://doi.org/10.1080/10401230701653377
https://doi.org/10.1016/j.jad.2014.02.018
https://doi.org/10.1002/dmrr.v34.3
https://doi.org/10.1002/dmrr.v34.3
https://doi.org/10.1111/jcmm.2018.22.issue-9
https://doi.org/10.1155/2018/1752940
https://doi.org/10.1016/j.diabres.2018.03.055
https://doi.org/10.1002/hep.28431
https://doi.org/10.1111/eci.14087
https://doi.org/10.1016/j.jad.2021.12.128
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.3390/biomedicines9111697
https://doi.org/10.1016/j.ajg.2019.05.004
https://doi.org/10.1016/j.jad.2020.09.073
https://doi.org/10.1097/01.psy.0000221276.17823.df
https://doi.org/10.1097/01.psy.0000221276.17823.df
https://doi.org/10.1371/journal.pone.0261555
https://doi.org/10.3389/fmed.2020.585618
https://doi.org/10.21873/invivo.13618
https://doi.org/10.1016/j.jhep.2023.07.034
https://doi.org/10.1002/1873-3468.12373
https://doi.org/10.1002/glia.v58:15
https://doi.org/10.1016/j.jhep.2022.08.008
https://doi.org/10.1016/j.jchromb.2021.122898
https://doi.org/10.3389/fpsyt.2025.1589663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Luan et al.

286. Alami F, Alizadeh M, Shateri K. The effect of a fruit-rich diet on liver
biomarkers, insulin resistance, and lipid profile in patients with non-alcoholic fatty
liver disease: a randomized clinical trial. Scandinavian J gastroenterol. (2022) 57:1238-
49. doi: 10.1080/00365521.2022.2071109

287. DiNicolantonio JJ, Lucan SC, O’Keefe JH. The evidence for saturated fat and for
sugar related to coronary heart disease. Prog Cardiovasc Dis. (2016) 58:464-72.
doi: 10.1016/j.pcad.2015.11.006

288. Strekalova T, Costa-Nunes JP, Veniaminova E, Kubatiev A, Lesch KP, Chekhonin
VP, et al. Insulin receptor sensitizer, dicholine succinate, prevents both Toll-like receptor 4
(TLR4) upregulation and affective changes induced by a high-cholesterol diet in mice. J
Affect Disord. (2016) 196:109-16. doi: 10.1016/j.jad.2016.02.045

289. Strekalova T, Evans M, Costa-Nunes J, Bachurin S, Yeritsyan N, Couch Y, et al.
Tlr4 upregulation in the brain accompanies depression- and anxiety-like behaviors
induced by a high-cholesterol diet. Brain behavior Immun. (2015) 48:42-7.
doi: 10.1016/j.bbi.2015.02.015

290. LiuX, Hou S, Xiang R, Hu C, Chen Z, Li N, et al. Imipramine activates FAM3A-
FOXA2-CPT2 pathway to ameliorate hepatic steatosis. Metabolism: Clin Exp. (2022)
136:155292. doi: 10.1016/j.metabol.2022.155292

291. De Long NE, Barry EJ, Pinelli C, Wood GA, Hardy DB, Morrison KM, et al.
Antenatal exposure to the selective serotonin reuptake inhibitor fluoxetine leads to
postnatal metabolic and endocrine changes associated with type 2 diabetes in Wistar
rats. Toxicol Appl Pharmacol. (2015) 285:32-40. doi: 10.1016/j.taap.2015.03.006

292. Deuschle M. Effects of antidepressants on glucose metabolism and diabetes
mellitus type 2 in adults. Curr Opin Psychiatry. (2013) 26:60-5. doi: 10.1097/
YCO.0b013e32835a4206

293. Feng XM, Xiong J, Qin H, Liu W, Chen RN, Shang W, et al. Fluoxetine induces
hepatic lipid accumulation via both promotion of the SREBP1c-related lipogenesis and
reduction of lipolysis in primary mouse hepatocytes. CNS Neurosci Ther. (2012)
18:974-80. doi: 10.1111/cns.2012.18.issue-12

294. Lu S, Ma Z, Gu Y, Li P, Chen Y, Bai M, et al. Downregulation of glucose-6-
phosphatase expression contributes to fluoxetine-induced hepatic steatosis. J Appl
toxicol: JAT. (2021) 41:1232-40. doi: 10.1002/jat.v41.8

295. Lang UE, Borgwardt S. Molecular mechanisms of depression: perspectives on
new treatment strategies. Cell Physiol biochem: Int ] Exp Cell physiol biochem
Pharmacol. (2013) 31:761-77. doi: 10.1159/000350094

296. Ayyash A, Holloway AC. Fluoxetine-induced hepatic lipid accumulation is
mediated by prostaglandin endoperoxide synthase 1 and is linked to elevated 15-deoxy-
A(12,14) PGJ(2). J Appl toxicol: JAT. (2022) 42:1004-15. doi: 10.1002/jat.v42.6

297. Smolen ]S, Aletaha D, Mclnnes IB. Rheumatoid arthritis. Lancet (London
England). (2016) 388:2023-38. doi: 10.1016/S0140-6736(16)30173-8

298. Matcham F, Rayner L, Steer S, Hotopf M. The prevalence of depression in
rheumatoid arthritis: a systematic review and meta-analysis. Rheumatol (Oxford
England). (2013) 52:2136-48. doi: 10.1093/rheumatology/ket169

299. Fakra E, Marotte H. Rheumatoid arthritis and depression. Joint Bone Spine.
(2021) 88:105200. doi: 10.1016/j.jbspin.2021.105200

300. Vallerand IA, Patten SB, Barnabe C. Depression and the risk of rheumatoid
arthritis. Curr Opin Rheumatol. (2019) 31:279-84. doi: 10.1097/BOR.0000000000000597

301. Ostojic P, Bartolovic D. Disease activity, obesity, functional disability, and
depression in patients with rheumatoid arthritis: Impact on lipid status,
glycoregulation, and risk for coronary heart disease. Z fur Rheumatologie. (2016)
75:716-22. doi: 10.1007/s00393-015-1661-7

302. LeiQ, Yang]J,LiL, Zhao N, Lu C, Lu A, et al. Lipid metabolism and rheumatoid
arthritis. Front Immunol. (2023) 14:1190607. doi: 10.3389/fimmu.2023.1190607

303. Chrousos GP. Stress and disorders of the stress system. Nat Rev Endocrinol.
(2009) 5:374-81. doi: 10.1038/nrendo.2009.106

304. LuoJ, Yan Z, Shen Y, Liu D, Su M, YangJ, et al. Exposure to low-intensity noise
exacerbates nonalcoholic fatty liver disease by activating hypothalamus pituitary
adrenal axis. Sci Total Environ. (2024) 906:167395. doi: 10.1016/j.scitotenv.2023.167395

305. McEwen BS. Physiology and neurobiology of stress and adaptation: central role
of the brain. Physiol Rev. (2007) 87:873-904. doi: 10.1152/physrev.00041.2006

306. Duman RS, Aghajanian GK, Sanacora G, Krystal JH. Synaptic plasticity and
depression: new insights from stress and rapid-acting antidepressants. Nat Med. (2016)
22:238-49. doi: 10.1038/nm.4050

307. Veen G, Giltay EJ, DeRijk RH, van Vliet IM, van Pelt J, Zitman FG. Salivary
cortisol, serum lipids, and adiposity in patients with depressive and anxiety disorders.
Metabolism. (2009) 58:821-7. doi: 10.1016/j.metabol.2009.02.009

308. Andrews RC, Walker BR. Glucocorticoids and insulin resistance: old
hormones, new targets. Clin Sci (Lond). (1999) 96:513-23. doi: 10.1042/cs0960513

Frontiers in Psychiatry

24

10.3389/fpsyt.2025.1589663

309. Vallette G, Vanet A, Sumida C, Nunez EA. Modulatory effects of unsaturated
fatty acids on the binding of glucocorticoids to rat liver glucocorticoid receptors.
Endocrinology. (1991) 129:1363-9. doi: 10.1210/endo-129-3-1363

310. Murck H, Song C, Horrobin DF, Uhr M. Ethyl-eicosapentaenoate and
dexamethasone resistance in therapy-refractory depression. Int ] Neuropsychopharmacol.
(2004) 7:341-9. doi: 10.1017/51461145704004249

311. Piomelli D, Astarita G, Rapaka R. A neuroscientist’s guide to lipidomics. Nat
Rev Neurosci. (2007) 8:743-54. doi: 10.1038/nrn2233

312. Faria R, Santana MM, Aveleira CA, Simoes C, Maciel E, Melo T, et al.
Alterations in phospholipidomic profile in the brain of mouse model of depression
induced by chronic unpredictable stress. Neuroscience. (2014) 273:1-11. doi: 10.1016/
jneuroscience.2014.04.042

313. Rao JS, Ertley RN, Lee HJ, DeMar JC Jr., Arnold JT, Rapoport SI, et al. n-3
polyunsaturated fatty acid deprivation in rats decreases frontal cortex BDNF via a p38
MAPK-dependent mechanism. Mol Psychiatry. (2007) 12:36-46. doi: 10.1038/sj.mp.4001888

314. Mocking RJ, Assies J, Lok A, Ruhe HG, Koeter MW, Visser I, et al. Statistical
methodological issues in handling of fatty acid data: percentage or concentration,
imputation and indices. Lipids. (2012) 47:541-7. doi: 10.1007/s11745-012-3665-2

315. Baglietto-Vargas D, Medeiros R, Martinez-Coria H, LaFerla FM, Green KN.
Mifepristone alters amyloid precursor protein processing to preclude amyloid beta and
also reduces tau pathology. Biol Psychiatry. (2013) 74:357-66. doi: 10.1016/
j.biopsych.2012.12.003

316. Cao Y, Hu Y, Liu P, Zhao HX, Zhou X]J, Wei YM. Effects of a Chinese traditional
formula Kai Xin San (KXS) on chronic fatigue syndrome mice induced by forced wheel
running. ] Ethnopharmacol. (2012) 139:19-25. doi: 10.1016/j.jep.2011.08.030

317. Chen C, Hu Y, Dong XZ, Zhou XJ, Mu LH, Liu P. Proteomic analysis of the
antidepressant effects of shen-zhi-ling in depressed patients: identification of proteins
associated with platelet activation and lipid metabolism. Cell Mol Neurobiol. (2018)
38:1123-35. doi: 10.1007/s10571-018-0582-9

318. Zhou X, WangJ, LuY, Chen C, Hu Y, Liu P, et al. Anti-depressive effects of Kai-
Xin-San on lipid metabolism in depressed patients and CUMS rats using metabolomic
analysis. J Ethnopharmacol. (2020) 252:112615. doi: 10.1016/j.jep.2020.112615

319. Song C, Shieh CH, Wu YS, Kalueff A, Gaikwad S, Su KP. The role of omega-3
polyunsaturated fatty acids eicosapentaenoic and docosahexaenoic acids in the
treatment of major depression and Alzheimer’s disease: Acting separately or
synergistically? Prog Lipid Res. (2016) 62:41-54. doi: 10.1016/j.plipres.2015.12.003

320. Markhus MW, Skotheim S, Graff IE, Froyland L, Braarud HC, Stormark KM,
etal. Low omega-3 index in pregnancy is a possible biological risk factor for postpartum
depression. PloS One. (2013) 8:e67617. doi: 10.1371/journal.pone.0067617

321. Nimmerjahn A, Kirchhoff F, Helmchen F. Resting microglial cells are highly
dynamic surveillants of brain parenchyma in vivo. Science. (2005) 308:1314-8.
doi: 10.1126/science.1110647

322. Hjorth E, Zhu M, Toro VC, Vedin I, Palmblad J, Cederholm T, et al. Omega-3
fatty acids enhance phagocytosis of Alzheimer’s disease-related amyloid-B42 by human
microglia and decrease inflammatory markers. J Alzheimers Dis. (2013) 35:697-713.
doi: 10.3233/JAD-130131

323. Yang BW, Zou P, Chen Q, Sun L, Ling X, Yang H, et al. Lifestyle-related risk
factors correlated with mental health problems: A longitudinal observational study
among 686 male college students in Chongqing, China. Front Public Health. (2022)
10:1040410. doi: 10.3389/fpubh.2022.1040410

324. LiZ, Sun]J, Zhang D. Association between acrylamide hemoglobin adduct levels
and depressive symptoms in US adults: NHANES 2013-2016. J Agric Food Chem.
(2021) 69:13762-71. doi: 10.1021/acs jafc.1c04647

325. LiY, Cheng Y, Zhou Y, Du H, Zhang C, Zhao Z, et al. High fat diet-induced obesity
leads to depressive and anxiety-like behaviors in mice via AMPK/mTOR-mediated
autophagy. Exp Neurol. (2022) 348:113949. doi: 10.1016/j.expneurol.2021.113949

326. Hashimoto K. Gut-microbiota-brain axis by bile acids in depression. Psychiatry
Clin Neurosci. (2022) 76:281. doi: 10.1111/pcn.13370

327. Harsanyi S, Kupcova I, Danisovic L, Klein M. Selected biomarkers of
depression: what are the effects of cytokines and inflammation? Int ] Mol Sci. (2022)
24. doi: 10.3390/ijms24010578

328. Agorastos A, Heinig A, Sommer A, Wiedemann K, Demiralay C. Morning salivary
dehydroepiandrosterone (DHEA) qualifies as the only neuroendocrine biomarker separating
depressed patients with and without prior history of depression: An HPA axis challenge
study. J Psychiatr Res. (2023) 161:449-54. doi: 10.1016/j.jpsychires.2023.04.003

329. Wang X, Luan X, Yin W, Wang Y, Li X, Chen R, et al. Advancements in
diagnosis and treatment of cardiac sarcomas: a comprehensive review. Curr Treat
Options Oncol. (2025) 26:103-27. doi: 10.1007/s11864-024-01287-0

frontiersin.org


https://doi.org/10.1080/00365521.2022.2071109
https://doi.org/10.1016/j.pcad.2015.11.006
https://doi.org/10.1016/j.jad.2016.02.045
https://doi.org/10.1016/j.bbi.2015.02.015
https://doi.org/10.1016/j.metabol.2022.155292
https://doi.org/10.1016/j.taap.2015.03.006
https://doi.org/10.1097/YCO.0b013e32835a4206
https://doi.org/10.1097/YCO.0b013e32835a4206
https://doi.org/10.1111/cns.2012.18.issue-12
https://doi.org/10.1002/jat.v41.8
https://doi.org/10.1159/000350094
https://doi.org/10.1002/jat.v42.6
https://doi.org/10.1016/S0140-6736(16)30173-8
https://doi.org/10.1093/rheumatology/ket169
https://doi.org/10.1016/j.jbspin.2021.105200
https://doi.org/10.1097/BOR.0000000000000597
https://doi.org/10.1007/s00393-015-1661-7
https://doi.org/10.3389/fimmu.2023.1190607
https://doi.org/10.1038/nrendo.2009.106
https://doi.org/10.1016/j.scitotenv.2023.167395
https://doi.org/10.1152/physrev.00041.2006
https://doi.org/10.1038/nm.4050
https://doi.org/10.1016/j.metabol.2009.02.009
https://doi.org/10.1042/cs0960513
https://doi.org/10.1210/endo-129-3-1363
https://doi.org/10.1017/S1461145704004249
https://doi.org/10.1038/nrn2233
https://doi.org/10.1016/j.neuroscience.2014.04.042
https://doi.org/10.1016/j.neuroscience.2014.04.042
https://doi.org/10.1038/sj.mp.4001888
https://doi.org/10.1007/s11745-012-3665-2
https://doi.org/10.1016/j.biopsych.2012.12.003
https://doi.org/10.1016/j.biopsych.2012.12.003
https://doi.org/10.1016/j.jep.2011.08.030
https://doi.org/10.1007/s10571-018-0582-9
https://doi.org/10.1016/j.jep.2020.112615
https://doi.org/10.1016/j.plipres.2015.12.003
https://doi.org/10.1371/journal.pone.0067617
https://doi.org/10.1126/science.1110647
https://doi.org/10.3233/JAD-130131
https://doi.org/10.3389/fpubh.2022.1040410
https://doi.org/10.1021/acs.jafc.1c04647
https://doi.org/10.1016/j.expneurol.2021.113949
https://doi.org/10.1111/pcn.13370
https://doi.org/10.3390/ijms24010578
https://doi.org/10.1016/j.jpsychires.2023.04.003
https://doi.org/10.1007/s11864-024-01287-0
https://doi.org/10.3389/fpsyt.2025.1589663
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Abnormalities of lipid metabolism in the progression and treatment of depression
	1 Introduction
	2 The role of lipid metabolism in neurotransmitter systems, neuroplasticity, and depression
	3 Abnormal lipid metabolism in the advancement of depression
	3.1 Abnormalities in various components of blood
	3.1.1 Free fatty acids
	3.1.2 Cholesterol
	3.1.2.1 TC
	3.1.2.2 HDL
	3.1.2.3 LDL

	3.1.3 TG

	3.2 Abnormalities in metabolic process
	3.2.1 Lipid peroxidation
	3.2.2 Reverse cholesterol transport
	3.2.3 Lipid oxidation abnormalities

	3.3 Abnormalities of lipid metabolism-related molecule
	3.3.1 Lipid regulatory proteins
	3.3.2 Polyunsaturated fatty acid

	3.4 Abnormalities of lipid metabolism of gut microbiota

	4 The role of abnormal lipid metabolism in the diagnosis of depression
	5 The role of lipid metabolism in comorbidities of depression and other diseases
	5.1 Tuberculosis
	5.2 Cancer
	5.3 Stroke
	5.4 Type 2 diabetes mellitus
	5.5 Non-alcoholic fatty liver disease
	5.6 Rheumatoid arthritis

	6 The influence of lipid metabolism signaling pathway on depression
	7 Prospect of lipid metabolism as a therapeutic target for depression
	8 Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


