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ABSTRACT

Mental disorders show high clinical heterogeneity, symptomatic overlap, and
variable prognostic trajectories, which limits diagnostic models based exclusively on
clinical criteria. In this context, neurobiological biomarkers have been investigated as
complementary tools for diagnosis, prognosis, risk stratification, and prediction of
therapeutic response in psychiatry. The aim of this study was to analyze scientific
evidence on neurobiological biomarkers applied to mental disorders, with an emphasis
on neuroimaging, genomics, electrophysiology, inflammation, metabolomics, and
proteomics. This is an integrative literature review developed using a systematized
approach, based on studies published in recognized international databases and
scientific journals, including PubMed/MEDLINE, PubMed Central, Nature Portfolio,
BMC Psychiatry, Molecular Psychiatry, Translational Psychiatry, Biological Psychiat-
ry, and related journals. Twenty studies were included, encompassing systematic
reviews, meta-analyses, multicenter studies, genome-wide association studies, and
translational investigations.The results demonstrated that genomic and neuroimaging
biomarkers show greater methodological robustness, especially through large internat-
ional consortia, while electrophysiological, inflammatory, metabolomic, and proteomic
biomarkers show high translational potential, although they still require greater clinical
validation. It was evidenced that no single biomarker has sufficient validity to replace
psychiatric clinical assessment, making the development of integrated multimodal
panels more promising. It is concluded that neurobiological biomarkers represent a
relevant frontier for precision psychiatry, with the potential to enhance understanding
of pathophysiology, improve prognostic assessment, and guide individualized therape-
utic strategies.
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INTRODUCTION

Mental disorders represent one of
the greatest contemporary challenges for
health systems, both due to the high
global burden of disease and the compl-
exity of their etiological, clinical, and
therapeutic mechanisms. Conditions such
as major depression, bipolar disorder,
schizophrenia, anxiety disorders,

obsessive-compulsive disorder, post-

traumatic stress disorder, and disorders
related to substance use involve hetero-
geneous presentations, variable clinical
trajectories, and therapeutic responses
often

unpredictable. Traditionally, psychiatric
diagnosis has been based on clinical
assessment, the psychopathological inte-
rview, and the application of classificat-
ory criteria based on signs, symptoms,
duration, and functional impairment. Al-
though these instruments are indispensa-
ble for clinical practice, there are still
important limitations related to sympto-
matic overlap, individual variability, the
absence of widely validated objective
markers, and the difficulty of predicting
clinical course, risk of relapse, and resp-

onse to treatment [1,2].

In this context, neurobiological bi-
omarkers have received growing attention
as tools capable of increasing diagnostic
and prognostic accuracy in psychiatry. In
general terms, biomarkers can be under-
stood as measurable indicators of normal
biological processes, pathological proce-
sses, or responses to a therapeutic inter-
vention. In psychiatry, these markers may
include parameters obtained through str-
uctural and functional neuroimaging, el-
ectroencephalography, genetics,
epigenetics, proteomics, metabolomics,
inflammation, neuroendocrinology, and
other integrated approaches. Interest in
these resources does not stem from an
intention to replace clinical assessment,
but rather to complement understanding
of mental disorders through objective
data that may help with risk stratification,
differential diagnosis, the identification
of'biological subtypes, and the prediction

of therapeutic outcomes [1,2].

The emergence of precision psychiatry
has strengthened the search for models that
go beyond classification that is exclusively
syndromic of

mental disorders. This perspective cons-
iders that different diagnoses
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they can share common neurobiological
pathways, while patients with the same
diagnosis may present distinct pathophy-
siological mechanisms. Thus, the invest-
igation of biomarkers has contributed to
the development of transdiagnostic mod-
els, in which dimensions such as synaptic
dysfunction, altered brain connectivity,

neuroinflammation, vulnerability

genetic vulnerability, dysregulation of
tryptophan metabolism, and alterations in
cortico-limbic circuits can cut across
different diagnostic categories [1-3]. This
advance is particularly relevant because
many psychiatric disorders present over-
lapping symptoms, such as cognitive
changes, anhedonia, impulsivity, anxiety,
social withdrawal, sleep disturbances, and
functional impairment, making precise
clinical delineation difficult in the early

stages.

Among the most robust areas of
current research, genomic biomarkers
stand out. Genome-wide association stu-
dies and major international consortia
have shown that psychiatric disorders
have complex, polygenic, and partially
shared genetic architecture. Integrated
analysis across multiple disorders revea-
led genetic overlap among different con-

ditions, reinforcing the

the hypothesis that part of psychiatric
vulnerability is related to common biol-
ogical factors, with clinical expression
modulated by environment, development,
adverse experiences, epigenetic factors,
and individual trajectories [3]. In schiz-
ophrenia, genomic findings implicate loci
related to synaptic biology and neuronal
regulation, suggesting that changes in
neural communication processes may be
involved in the disorder’s pathophysiol-
ogy [8]. In bipolar disorder, studies
involving tens of thousands of cases
identified variants associated with neur-
onal and synaptic pathways, contributing
to understanding the biological basis of
pathological mood [9]. In major depress-
ion, genomic meta-analyses identified
multiple independent variants and genes
related to prefrontal brain regions and
synaptic functions, while studies

multi-ancestry recent

expanded the generalization of the findings

to genetically diverse populations [10, 11].

Besides genomics, neuroimaging oc-
cupies a central position in the investigation
of biomarkers in psychiatry. Multicenter
studies coordinated by the ENIGMA cons-
ortium have made it possible to assess

structural brain changes in
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large-scale samples, surpassing the limit-
ations of small studies and increasing the
reliability of the findings. In schizophre-
nia, cortical alterations distributed across
multiple brain regions were identified
through the analysis of thousands of
individuals, suggesting that the disorder
involves broad neuroanatomical changes
and is not restricted to a single brain area
[12]. In major depression, cortical changes
in adults and adolescents, as well as white
matter disorders, reinforce the involvem-
ent of brain circuits associated with emo-
tional regulation, cognition, affective pr-
ocessing, and neural network integration
[13,15]. In bipolar disorder, magnetic
resonance imaging analyses indicate cort-
ical abnormalities related to diagnosis, the
course of the disease, age, medication use,
and the presence of psychotic symptoms

[14]. These findings demonstrate that

neuroimaging has the potential for
characterization
neurobiological, clinical stratification,

and prognostic investigation, although its

individual diagnostic application still
depends on validation, standardization,
and integration with other markers [12-

16].

The prediction of therapeutic response
also constitutes one of the most

promising for the use of neurobiological

biomarkers. In major depression, for
example, structural, functional, and mo-
lecular neuroimaging tests have been
investigated to identify patterns associa-
ted with antidepressant response, recurr-
ence risk, and treatment resistance [16].
This field becomes especially relevant in
light of the high variability of response to
antidepressants, the delay in identifying
effective treatments, and the need to
reduce strategies based only on trial and
error. Studies on neuroimaging-derived
biomarkers have also assessed the rapid
antidepressant effects of ketamine, espe-
cially in cases of treatment-resistant de-
pression, indicating possible changes in
brain networks related to emotional reg-
ulation, synaptic plasticity, and functional
connectivity [17]. Although promising,
these markers still require greater repro-
ducibility and clinical validation before

they can be broadly incorporated into

psychiatric practice.

Electrophysiological biomarkers, es-
pecially those based on electroencephalog-
raphy, have also gained relevance because
they are relatively accessible, noninvasive,

and
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capable of capturing patterns of brain
activity in real time. Recent studies show
that EEG-derived markers may contribute
to the identification of patterns associated
with depression, anxiety, and bipolar
disorder, especially when integrated with
artificial intelligence and machine learn-
ing models [7]. The use of explainable
artificial intelligence has been proposed
as a strategy to increase the transparency
of predictive models, making it possible
to understand which characteristics

electrophysiological

support a given classification or clinical
prediction. This aspect is essential so that
computational tools can be critically ev-
aluated by healthcare professionals and
eventually incorporated into clinical env-
ironments in a safe, ethical, and interpre-

table manner [7].

At the same time, biomarkers

Peripheral biomarkers are expanding the
scope of research in psychiatry,

especially in the areas of inflammation,
metabolomics, and proteomics. The infl-
ammatory hypothesis of mental disorders
has been supported by evidence linking pro-
inflammatory cytokines, immune activation,
oxidative stress, and neurochemical changes

to conditions such as depression and psyc-

hosis [18-20]. In

depression, the kynurenine pathway has
been particularly investigated for its relati-
onship with tryptophan metabolism, syste-
mic inflammation, and the
neurotransmission glutamatergic.
Metabolomic studies indicate that kynu-
renic acid may act as a marker associated
with both diagnosis and response to
treatment, suggesting a connection bet-
ween metabolic state, inflammation, and
therapeutic outcome [18]. Systematic re-
views and meta-analyses reinforce that
the kynurenine pathway may represent a
relevant axis for the biological subtyping
of depression, especially in patients with

an inflammatory profile or treatment

resistance [19].

In first-episode psychosis, peripheral
inflammatory markers have also been
associated with the emergence and sever-
ity of symptoms, including negative sy-
mptoms, which often relate to worse
functional prognosis and greater therap-
eutic difficulty [20]. This finding sugge-
sts that early identification of subgroups
with an inflammatory profile may contr-
ibute to prognostic strategies and, in the
interventions

future, to adjuvant

targeted. Similarly, multicenter programs
aimed at clinical risk for psychosis have

been seeking
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integrate biomarkers from body fluids,
genetics, cognition, neuroimaging, elect-
rophysiology, and digital markers, with
the aim of predicting conversion to psy-
chosis, symptomatic persistence, and fu-
nctional outcomes [4]. This multidimen-
sional approach represents an important
advance, as it recognizes that no single
biomarker is sufficient to explain the

complexity of mental disorders.

Proteomics and metabolomics are
also consolidating as emerging areas for
identifying transdiagnostic biological
signatures. Proteomic studies in young
adults suggest an association between
plasma markers and the general factor of
psychopathology, pointing to shared mo-
lecular pathways that may reflect the
overall burden of symptoms and psycho-
logical wvulnerability [5]. Reviews of
validated metabolomic biomarkers in
psychiatric disorders highlight that, alt-
hough there are promising candidates,
challenges still persist related to sample
heterogeneity, methodological differenc-
es, interference from diet, medication,
comorbidities, lifestyle, and the lack of
widely accepted clinical cut-off points

[6]. Therefore, the clinical utility

of these markers depends on longitudinal
studies, external validation, and integration
with clinical, genomic, and neurofunctional

data.

Despite significant advances, the app-
lication of biomarkers
neurobiological in psychiatry still faces
relevant limitations. Among the main
challenges are the low specificity of
many markers, the overlap between dia-
gnoses, the influence of environmental
and pharmacological factors, variability
across populations, the need for method-
ological standardization, and the difficu-
Ity of translating group statistical findings
into individual clinical decisions [1,2,6].
In addition, many studies still use cross-
sectional designs, small samples, or lack
independent validation, which limits the
generalizability of the results. For this
reason, the development of multimodal
panels—combining different sources of
biological and clinical information—has
been considered a more promising alter-
native

than the search for a single,

definitive biomarker [1,6,7].

Given this scenario, it is necessary to

systematize the evidence

available on biomarkers
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neurobiological in psychiatry, consider-
ing its advances, limitations, diagnostic
applications, and prognostic potential. An
integrative review makes it possible to
bring together findings from different
methodological designs, including gen-
omic studies, neuroimaging, electrophy-

siology, inflammation,

metabolomics and proteomics, while also
enabling a critical analysis of the scienti-

fic maturity of each research axis.

METHODOLOGY

This is an integrative literature review,
developed with a systematic approach, with
the purpose of bringing together, analyzing,
and synthesizing
about

evidence scientific

neurobiological biomarkers applied to the
diagnosis and prognosis of mental diso-
rders. The choice of this design is justif-
ied by the breadth of the topic, which
involves different methodological appr-
oaches, including systematic reviews,
meta-analyses, multicenter studies, ge-
nomic studies, neuroimaging analyses,
metabolomics

investigations, prot-

eomics,

Thus, the present study aims to analyze
the scientific evidence regarding neuro-
biological biomarkers applied to the di-
agnosis and prognosis of mental disorde-
rs, highlighting their contribution to pre-
cision psychiatry, their  possibilities
translational and the main challenges for

safe and effective incorporation into clinical

practice [1,2,6,7,20].

inflammatory studies, and investigations

based on electrophysiology. The integrative
review allows for the incorporation of
evidence from different fields of biological
and translational psychiatry, promoting a
critical and comprehensive understanding

of the advances, limitations, and clinical

possibilities of biomarkers in mental health.

The guiding question that shaped this
review was: what are the main scientific

evidence scientific about

neurobiological biomarkers used in the
diagnosis, prognosis,

risk stratification and prediction of
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therapeutic response in mental disorders?
From this question, we sought to identify
studies that addressed biomarkers associ-
ated with disorders such as major depres-
sion, bipolar disorder, schizophrenia, an-
xiety disorders, obsessive-compulsive
disorder,

post-traumatic  stress  disorder, first-
episode psychosis, and psychiatric condi-
tions assessed from a transdiagnostic

perspective.

The bibliographic search was cond-
ucted in internationally recognized scien-
tific databases, with priority for PubMed/
MEDLINE, PubMed Central, Nature Po-
rtfolio, BMC Psychiatry, Molecular Ps-
ychiatry, Translational Psychiatry, Biol-
ogical Psychiatry, Nature Genetics, Nat-
ure Neuroscience, International Journal
of Molecular Sciences, Neuroscience
and
Biobehavioral Reviews, Scientific Repor-
ts, and Acta Psychiatrica Scandinavica.
Studies linked to major international co-
nsortia, such as the ENIGMA Consorti-
um, the Psychiatric Genomics Consorti-
um, and the Accelerating Medicines Par-
tnership Schizophrenia Program, were
also considered due to their methodolog-
ical relevance, sample size, and ability to
generate more robust and reproducible

evidence in translational psychiatry.

Controlled descriptors and free

English-language terms were used, com-

bined by Boolean operators, including:

2 ¢

“psychiatric disorders”,“mental disorde-

rs”,“biomarkers”,“neurobiological

biomarkers”,

“diagnosis”,  “prognosis”,  “precision

psychiatry”, “neuroimaging”, “EEG”,

“genomics”, “polygenic risk score”,

“inflammation”, “proteomics”,

“metabolomics”, “kynurenine pathway”,
“major depressive disorder”, “bipolar dis-
order”, “schizophrenia”, “first-episode ps-
ychosis” and “treatment response”. The
search strategies were adapted according to
the specificities of each database, prioritiz-
ing studies with the closest adherence to the
topic, bibliographic traceability, DOI avai-
lability or indexing in recognized databases,
and direct contribution to the understanding

of biomarkers applied to diagnosis and

prognosis in psychiatry.

Studies published in peer-reviewed
scientific journals were included, with
full text available or bibliographic info-
rmation sufficient for traceability, addre-
ssing neurobiological biomarkers in me-
ntal disorders. Primary studies, systema-
tic reviews, meta-analyses, narrative rev-

iews of high relevance, and studies
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multicenter, genome-wide association
studies, studies of
neuroimaging, metabolomic

proteomic inflammatory, and electrophysiological studies.

The selection prioritized publications

with international relevance, methodolo-
gical rigor, significant samples, particip-

ation in scientific consortia, or direct

contribution to advancing precision psy-

chiatry.

Studies addressing biomarkers without
a direct relationship to mental disorders
were excluded, as were publications without
adequate traceability, and opinion pieces
without sufficient scientific basis suffi-
cient, studies
exclusively pre-clinical in animal models,
duplicated studies, studies with a very
narrow scope without diagnostic or pro-
gnostic application, and publications that
did not present a clear relationship with
neurobiological biomarkers. Studies that
addressed only the psychosocial, behav-
ioral, or epidemiological aspects of men-
tal disorders without an association with

measurable biological markers were also

excluded.

The selection process was carried out
in successive stages. Initially, studies were
identified through the review of titles and

abstracts, considering their

alignment with the central theme of the
review. Next, potentially eligible articles
were evaluated regarding the type of
biomarker investigated, the mental diso-
rder addressed, methodological design,
publication source, year, scientific rele-
vance, and clinical applicability. After
this screening, 20 studies were selected as
the most suitable to form the main
database of the review, covering different
biomarker dimensions neurobiologi-
cal,

including neuroimaging, electrophysiology,
metabolomics,

genomics, inflammation,

and proteomics.

Data extraction was conducted using a
previously structured matrix containing the
following variables: author and year of
publication, country or consortium respons-
ible, type of study, mental disorder assessed,
biomarker investigated, main findings, dia-
gnostic or prognostic application, and level
of evidence. This organization enabled a
systematic comparison of the studies, ident-
ification of areas of convergence and dive-
rgence among the findings, and grouping of
evidence into thematic axes. The studies
qualitatively,

were analyzed

considering methodological rigor, clinical

relevance, consistency of the findings, and

the potential for application
translational.


http://www.revistacientificaipedss.com

?-‘n

\\

wita Chreilics LS

ISSN: 2764-4006 | www.revistacientificaipedss.com

The classification of the level of
evidence was carried out adapted to the
multidisciplinary nature of the review.

Studies classified as level I included

systematic reviews, meta-analyses, and

large multicenter studies or  consortia

international. Level II was assigned to

robust observational studies, genomic
studies, cohorts, and translational invest-
igations with relevant samples. Level III
included exploratory, cross-sectional, pi-
lot, or initial validation studies. Level IV
was assigned to narrative reviews, evid-
ence maps, and methodological articles or
study design papers. This classification
allowed for a critical interpretation of
evidence maturity and differentiated bi-
omarkers already supported by robust

data from those still in an exploratory

phase.

The synthesis of results was condu-
cted in a narrative and thematic manner,
organized into five main axes: genomic
biomarkers and polygenic risk; structural

and functional

RESULTS

This integrative review included 20
scientific studies that

addressed biomarkers

10

neuroimaging biomarkers;
electrophysiological EEG-based biomarkers;
inflammatory and immunological biom-
arkers; and

metabolomic biomarkers and

proteomic. This categorization was defi-
ned based on the recurrence of themes in
the selected studies and the relevance of
these domains to precision psychiatry.
The analysis sought to highlight not only
positive findings, but also methodological
limitations, validation challenges, the
heterogeneity of mental disorders, and
the difficulty of translating population-
level results into individualized clinical

decisions.

Because this is an integrative review
based exclusively on secondary data avail-
able in the scientific literature, without
direct involvement of human participants,
primary data collection, or access to identi-
fiable individual information, there was no
need to submit to the Research Ethics
Committee.

Research Ethics.

of neurobiological nature applied to diagn-
osis, prognosis, risk stratification, and pre-

diction of therapeutic response in
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mental disorders. The seclected studies
covered different levels of evidence and
included systematic reviews, meta-
analyses, multicenter studies, genome-
wide association studies, neuroimaging
analyses, metabolomic investigations,
proteomic,

inflammatory and studies based on elec-
trophysiology. This methodological div-
ersity enabled a broad analysis of recent
advances in biological and translational
psychiatry, especially in the context of
precision psychiatry.

The findings were organized into
five main thematic axes: genomic biom-
arkers and polygenic risk; biomarkers of
structural and functional neuroimaging;
electrophysiology-based

biomarkers

based on EEG; inflammatory and

immunological biomarkers; and
metabolomic biomarkers e
proteomics. Organizing by axes made it
possible to identify that the most consol-
idated biomarkers in terms of sample
volume and methodological robustness
are those derived from large international
genomics and neuroimaging consortia,
peripheral,

whereas biomarkers

metabolomic, proteomic, and electroph-
ysiological biomarkers have high transla-
tional potential, but still require greater
external validation and methodological

standardization [1-7].

Table 1 presents a synthesis of the
main biomarker axes identified in the
included studies, along with the respect-
ive disorders assessed, potential clinical
applications, and main limitations obse-

rved.

Table 1. Synthesis of the neurobiological biomarkers identified in the included studies

in the review.

Related stud- Disorders

ies essed

. . ass-
Biomarker axis

Potential clinical

Main limitations

applications

Schizophrenia, major
depression, bipolar

Genomics and po- disorder, and

o [3.8-11] : .
lygenic risk transdiagnostic
psychiatric  disor-
ders
Schizophrenia, major
Structural neu- [1,12-17]

. . d depression, bipolar
SO disorder, and

11

Risk stratification, id- Low individual speci-

entification of biolog- ficity, influence of gene-

ical vulnerability, eti- tic ancestry, need for

ological understanding, population validation,

and support for transd- and limited clinical app-

iagnostic models licability in isolation

Neuroanatomical High cost, meth-
characterization, odological heter-
response prediction ogeneity,
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Biomarker

Related stud-
axis i

1es

Disorders assessed

Potential clinical appl-

.. Main limitations
ications

functional Treatment-resistant depr- therapy, assessment of re- difficulty in individual
ession currence, and identification application and the abse-
. . nce of universal clinical
of’brain patterns associated
cutoffs
with the clinical course
. . Need for
Screening, therapeutic L
o External validation, var-
. . monitoring, support for .
EEG and Depression, anxiety, and ) ) . iability of protocols, and
. (7] . . diagnosis, and integration . D
electrophysiology bipolar disorder . . .. . . the risk of low clinical
with explainable artificial . .
. . interpretability ~ without
intelligence o
standardization
Inflammatory subtyping, Low specificity, influe-
Depression, first-  prognostic assessment, e of comarsidivies
Inflammation and [4,18-20] episode psychosis, and 1degt1ﬁcat10g of sympt(?- medications, lifestyle,
immunology clinical risk for psych- matic severity, and possi- .
. . .. and systemic inflamma-
0sis ble guidance for adjunctive
therapeutic direction tory states
. . Still exploratory studies,
. . Identification of molecu- ) )
Major  depression, . . the interference of diet
. lar signatures, monitoring
) disorders and
Metabolomics and ) o of
[5,6,18,19] Various psychiatric diso- Environment. need for

proteomics

rders and transdiagnostic

psychopathology

Therapeutic response, bi-

ological subtyping, and replication and laborat-

personalized psychiatry ory standardization

On the genomic axis, studies have
shown that mental disorders have a com-
plex, polygenic, and partly shared genetic
architecture. The integrated analysis of 14
psychiatric disorders highlighted genetic
overlap among different diagnostic cat-
egories, reinforcing the understanding
that psychiatric vulnerability is not restr-
icted to the boundaries of traditional
nosological frameworks [3]. This persp-

ective is consistent with findings from

large genome-wide association studies
that identified loci and genes related to
schizophrenia, major depression, and
bipolar disorder, many of them associated
with synaptic biology, neuronal regulat-
ion, and cerebral expression [8-11]. Ta-
ken together, these results indicate that
genomics has strong potential to deepen
our understanding of the etiological basis

of mental disorders and support future
stratification models

risk.

12
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In schizophrenia, genomic findings
reinforced the involvement ofbgenes
associated with  synaptic = commun-

ication and neuronal development [8].

In bipolar disorder, genetic variants

identif- ied on a large scale helped to
improve the understanding of biological

pathways re- lated to synaptic

signaling and mood regulation [9]. In

major depression, ge- nomic studies

identified multiple indep- endent
variants and highlighted the impo- rtance
of prefrontal regions, neural netw- orks,
ancestral in
[10, 11].

the

and greater diversity

genetic  analyses Despite

these advances, results also

indicate that polygenic risk scores still

have important limitations for

individual clinical use, especially

because they depend on valid- ation in
different populations and because they
lack sufficient

diagnostic  specificity

when used in isolation.

In the neuroimaging axis, the

included studies showed  structural
and functional changes associated with
Multicenter

IGMA

severe mental dis- orders.

analyses from the EN-
consortium demonstrated widespr- ead
cortical alterations in individuals with
schizophrenia, including differences in

cor- tical thickness

13

and in the cortical surface area, suggest-
ing that the disorder involves distributed
neuroanatomical patterns across multiple
brain regions [12]. In major depression,
cortical alterations were observed in adu-
Its and adolescents, in addition to white
matter disturbances in international coh-
orts, indicating involvement of circuits
related to emotional regulation, cognition,
connectivity, and neural network integra-
tion [13,15]. In bipolar disorder, analysis
of thousands of participants identified
cortical abnormalities related to diagnosis
and modulated by factors such as age,
medication, presence of psychosis, and
clinical characteristics of the course of

the illness [14].

Neuroimaging biomarkers have also
been investigated in the context of ther-
apeutic response and recurrence of major
depression. Reviews on structural, funct-
ional, and molecular neuroimaging indi-
cated that certain brain patterns may be
associated with antidepressant response,
recurrence, and treatment resistance [16].
In treatment-resistant depression, studies
on the antidepressant effects of ketamine
suggested that neuroimaging-derived

biomarkers may help identify alterations

in brain networks
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related to synaptic plasticity, functional
connectivity, and emotional regulation
[17]. These findings suggest important
prognostic potential for neuroimaging,
especially when applied to predicting
therapeutic response. However, heterog-
eneity among protocols, the high cost of
exams, the need for large samples, and
the difficulty of extrapolating group res-
ults to individual decisions still limit its

routine incorporation into clinical pract-

ice.

On the electrophysiological axis,
EEG-based studies have demonstrated po-
tential for identifying patterns associated
with depression, anxiety, and bipolar diso-
rder [7].

The systematic review on

biomarkers

derived from EEG highlighted the growth
of explainable artificial intelligence-ba-
sed models, which seek to increase the
transparency and interpretability of the
algorithms used in clinical classification
or prediction. This approach is relevant
because electroencephalography is a non-
invasive, relatively accessible method
capable of capturing temporal changes in
brain activity with high resolution. The
results indicate that electrophysiological
biomarkers may in the future contribute

to screening,

14

therapeutic monitoring and diagnostic
support, mainly when combined with
clinical and computational data. Howev-
er, there is still a need to standardize
protocols, externally validate the models,
and define clinically interpretable para-

meters.

On the inflammatory and immunolog-
ical axis, the analyzed studies indicated an
association between peripheral inflammat-
ory markers and disorders such as depress-
ion and first-episode psychosis [18-20]. The
kynurenine pathway showed special relev-
ance in depression, due to its relationship
with tryptophan metabolism, inflammatory
inflammatory,
processes, glutamatergic neurotransmis-
sion, and therapeutic response [18,19]. In
the metabolomic study, Erabi et al. iden-
tified kynurenic acid as a potential bio-
marker associated with both diagnosis
and treatment response in major depres-
sion, suggesting that metabolic changes
may reflect specific biological subtypes
of the disease [18]. A systematic review
and meta-analysis on the kynurenine
pathway reinforced that this metabolic-
inflammatory axis may contribute to
understanding depression, especially in
patient subgroups with a higher inflam-

matory burden [19].
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In first-episode psychosis, evidence
indicated that peripheral inflammatory
markers may be related to the emergence
of negative symptoms, the clinical dim-
ension associated with worse functioning,
and greater therapeutic difficulty [20]. In
addition, the Accelerating Medicines Pa-
rtnership  Schizophrenia Program was
identified as a relevant initiative to inves-
tigate biomarkers in bodily fluids, neur-
oimaging, cognition, electrophysiology,
genetics, and digital markers in individu-
als at clinical risk for psychosis [4]. This
multimodal integration shows a growing
trend of moving away from the search for
isolated biomarkers and toward combined
panels capable of improving the predict-
ion of conversion to psychosis, sympto-
matic persistence, and functional outco-

mes.

Metabolomics and proteomics have
emerged as promising fields for the identi-
fication of molecular signatures in mental
validated

disorders. The review on

metabolomic

biomarkers showed that different metab-
olites have been investigated in psychiat-
ric disorders, but their clinical application
still depends on greater reproducibility,

standardization

of laboratory procedures and control of variables
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external factors, such as diet, medication
use, comorbidities, and lifestyle [6]. In
the field of proteomics, a study conducted
in young adults identified plasma proteins
associated with the general factor of
psychopathology, with particular empha-
sis on pathways related to epidermal
growth factor receptor signaling [5]. This
finding suggests that peripheral protein
markers may reflect transdiagnostic vul-
nerability or overall symptom burden,
although longitudinal studies and valida-
tion in larger clinical populations are still

needed.

Overall, the results show that neur-
obiological biomarkers have greater po-
tential when interpreted in an integrated,
multimodal way. The analysis of the
included studies demonstrated that no
single biomarker showed sufficient robu-
stness to replace clinical assessment or
establish a definitive psychiatric diagno-
sis. However, multiple categories of bi-
omarkers have demonstrated potential
usefulness for complementing diagnosis,
improving prognostic assessment, ident-
ifying biological subgroups, predicting
therapeutic response, and guiding future
strategies for personalized medicine in

mental health [1,2,6,7]. This finding
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reinforces the need for integrative models

that combine clinical, neurobiological,

genetic, inflammatory, metabolic, prot-
eomic, electrophysiological, and psych-

osocial data.

The distribution of the studies also
indicates that there is a significant differe-
nce between scientific maturity and clinical
applicability. Genomic and neuroimaging
biomarkers show greater methodological

robustness, especially due to the presence

of large international consortia and substa-

ntial samples [3,8-15]. In in return,
biomarkers metabolomic,
proteomic, inflammatory and

Electrophysiological studies present great
translational potential, but they are still in
the consolidation phase, requiring replic-
ation, external validation, and technical
standardization [5-7,18-20]. Thus, the
results suggest that precision psychiatry
depends less on identifying a single
biomarker and more on building combi-
ned models capable of translating multi-

ple biological dimensions into clinically

useful information.

translational applicability.

DISCUSSION

16

Therefore, the studies included in
this review indicate that neurobiological
biomarkers represent one of the main
frontiers of contemporary psychiatry.

Their most promising applications focus
on risk stratification, predicting therape-
utic response, identifying clinical trajec-
tories, differentiating biological subgro-
ups, and understanding the pathophysio-
logical mechanisms of mental disorders.
However, the clinical implementation of

these

biomarkers still require caution, as limit-
ations related to specificity, individual
predictive validity, diagnostic heterogen-
eity, population variability, the influence
of environmental factors, and the absence
of standardized protocols persist. Thus,
the results support that the future incorp-
oration of biomarkers in psychiatry sho-
uld occur in a complementary manner to
clinical assessment, preferably through
validated, precision-oriented multimodal

panels that address


http://www.revistacientificaipedss.com

»e

ISSN: 2764-4006 | www.revistacientificaipedss.com

The findings of this integrative rev-
iew demonstrate that neurobiological
biomarkers are assuming an increasingly
relevant role in contemporary psychiatry,
especially in light of the limitations of the
diagnostic model based exclusively on
symptoms. The literature analyzed indic-
ates that mental disorders cannot be
understood only as isolated clinical cat-
but complex conditions,

egories, as

multifactorial and

biologically heterogeneous, in which
genetic, neuroanatomical, electrophysio-
logical, inflammatory,

metabolic, and proteomic factors interact
with environmental, psychosocial, and de-

velopmental variables [1,2]. This

understanding strengthens the transition

from a predominantly descriptive psychiatry
to a precision psychiatry, guided by the
integration between clinical assessment and

objective markers.

One of the central points identified
was the growing relevance of transdiag-
nostic models. The genetic overlap obs-
erved between different psychiatric dis-
orders reinforces that traditional diagnos-
tic categories, although useful for clinical
practice, do not always reflect rigid
biological boundaries [3]. This finding is

particularly important because
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symptoms such as cognitive changes,
anhedonia, anxiety, impulsivity, social
withdrawal, emotional instability, and
functional impairment can occur in mul-
tiple disorders, making differential dia-
gnosis difficult in the early stages. Thus,
genomic, neurofunctional, and peripheral
biomarkers may help to identify shared

biological dimensions, favoring more

individualized approaches that are less depend-

ent on isolated syndromic classifications [1-3].

In the field of genomics, the studies
analyzed show that schizophrenia, bipolar
disorder, and major depression have co-
mplex polygenic architecture, with multi-
ple small-effect variants distributed across
the genome [8-11]. In schizophrenia, ide-
ntifying loci associated with synaptic
biology reinforces the role of neuronal
processes and communication between
brain networks in the disorder’s pathoph-
ysiology [8]. In bipolar disorder, genomic
findings also indicate involvement of
pathways related to synaptic signaling and
neuronal regulation, suggesting that mol-
ecular changes may contribute to mood
instability and to wvulnerability to the
disease’s episodic course [9]. In major
depression, the identification of variants

associated with


http://www.revistacientificaipedss.com

»e

ISSN: 2764-4006 | www.revistacientificaipedss.com

prefrontal regions and synaptic functions
expand the understanding of the mechani-
sms related to emotional regulation, cogni-

tion, and the stress response [10, 11].

Despite these advances, the clinical
application of genomic biomarkers rem-
ains limited. Polygenic risk scores have
promising value for population-level in-
vestigation and stratifying vulnerability,
but their individual accuracy is still
insufficient for isolated clinical diagnosis.
In addition, many genomic studies have
historically been conducted in populati-
ons of European ancestry, which reduces
the generalizability of results to diverse
population groups. In this sense, multi-
ancestry studies represent an important
advance, because they expand the exter-
nal validity of findings and reduce appl-
icability biases in under-represented po-
pulations [11]. For psychiatric practice,
this means that genomics should be
understood as a tool to support underst-
anding of etiology and risk, and not as an

autonomous diagnostic instrument.

Neuroimaging also stood out as one of
the most established fields in terms of
methodological robustness, especially due

to the contribution of
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large international consortia such as EN-
IGMA. The findings of cortical alterations
in schizophrenia, major depression, and
bipolar disorder show that different men-
tal disorders have detectable neuroanat-
omical signatures at the population level
[12-14]. These alterations involve cortical
thickness, cortical surface area, white
matter integrity, and patterns of brain
connectivity, suggesting that psychiatric
disorders are associated with changes in
brain circuits related to cognition, affect,
emotional processing, and functional int-

egration [12-15].

However, the clinical interpretation
of these findings requires caution. Alth-
ough neuroimaging studies reveal statist-
ically significant differences between cl-
inical groups and controls, these alterat-
ions do not always have sufficient speci-
ficity to distinguish individuals at the
diagnostic level. In addition, factors such
as age, sex, medication use, duration of
illness, comorbidities, symptomatic sev-
erity, and episode history may influence
imaging results [12-15]. Thus, neuroim-
aging currently has greater utility as a

tool for

translational research and characterization
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more than as an isolated diagnostic met-
hod in routine clinical practice. Its most
promising clinical potential seems to lie
in predicting therapeutic response, recu-
rrence, and stratifying subgroups, espec-
ially in conditions such as treatment-

resistant depression [16,17].

Predicting therapeutic response is
one of the areas with the greatest impact
for biomarkers in psychiatry. Clinical
practice still often relies on trial-and-error
strategies, particularly in the treatment of
major depression, in which many patients
do not respond adequately to the first

treatment regimen. In this  context,

biomarkers derived from

neuroimaging, metabolomics, and elect-
rophysiology can help anticipate which
patients are more likely to respond to
certain treatments [16-18]. Studies on
ketamine in treatment-resistant depress-
ion, for example, indicate that changes in
brain networks associated with synaptic
plasticity and emotional regulation may
be related to the rapid antidepressant
effects ofthis treatment [17]. Even so, the
heterogeneity of the protocols and the

small number of studies with
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external validation limit its immediate clinical

application.

Electrophysiological biomarkers

based on EEG present relevant advanta-
ges, such as lower cost, wide availability,
a non-invasive nature, and high temporal
resolution. The review on EEG in depre-
ssion, anxiety, and bipolar disorder sh-
owed that electrophysiological patterns
can be used in predictive models, especi-
ally when integrated with explainable
artificial intelligence techniques [7]. This
integration is relevant because artificial
intelligence can identify complex patterns

not evident in conventional analyses.

However, the clinical applicability of
these models depends on algorithm tran-
sparency, validation in independent sa-
mples, and the definition of interpretable
parameters for healthcare professionals.
Without these requirements, there is a
risk that models that appear accurate in
experimental settings may not remain

reliable in real clinical contexts [7].

Another important axis discussed in

the literature is inflammation. Growing

evidence indicates that subgroups of patie-
nts with depression and psychosis show

inflammatory changes
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peripheral, suggesting that immunological
processes may contribute to psychiatric
manifestations in certain clinical profiles
[18-20]. In major depression, the kynure-
nine pathway represents an important link
between inflammation, tryptophan meta-
bolism, glutamatergic neurotransmission,
and affective symptoms [18,19]. A reduc-
tion or alteration of metabolites from this
pathway may reflect changes in neuroc-
hemical balance and response to treatme-
nt, indicating potential for biological su-
btyping of patients with depression—es-
pecially those with systemic inflammation

or treatment resistance [18, 19].

In first-episode psychosis, the asso-
ciation between inflammatory biomarkers
and negative symptoms deserves empha-
sis, since these symptoms are related to
worse social functioning, greater cognit-
ive impairment, and lower therapeutic
response [20]. Identifying inflammatory
profiles in the early stages of psychosis
can contribute to more refined prognostic
models, allowing clinicians to recognize
patients at higher risk of an unfavorable
course. In addition, multicenter programs
such as the Accelerating Medicines Par-
tnership Schizophrenia Program indicate

a relevant methodological trend: the

20

integration of biomarkers in bodily fluids,
neuroimaging, genetics, electrophysiol-
ogy, cognition, and digital markers to
predict conversion to psychosis and fun-
ctional outcomes [4]. This multidimens-
ional approach seems more suited to the

complexity of psychiatric disorders than

the search for a single universal marker.

Metabolomics and proteomics bro-
aden this perspective by enabling the
identification of molecular signatures
associated with psychopathology. Prot-
eomic studies suggest that plasma prote-
ins may be related to the general factor of
psychopathology, indicating that some
peripheral changes may reflect transdia-
gnostic vulnerability or the overall bur-
den of symptoms [5]. Similarly, reviews
on metabolomics point to candidate me-
tabolites in different psychiatric disorde-
rs, although there are still important
validation challenges [6]. These challen-
ges include dietary variations, medication
use, clinical comorbidities, differences in
laboratory processing, the cross-sectional
design of studies, and the absence of
standardized clinical cut-off points. The-
refore, although these markers are prom-
ising, their clinical use still depends on

replication in cohorts


http://www.revistacientificaipedss.com

»e

ISSN: 2764-4006 | www.revistacientificaipedss.com

independent and uniform laboratory pro-

tocols.

A transversal aspect across the stu-
dies analyzed is that no isolated biomar-
ker showed sufficient robustness to repl-
ace clinical assessment in psychiatry.
This point is fundamental to avoid reduc-
tionist interpretations. Biomarkers should
be understood as complementary resour-
ces, capable of strengthening clinical
reasoning, expanding understanding of
pathophysiology, and supporting decisi-
ons in specific scenarios, such as comp-
lex differential diagnosis, risk of conver-
sion to psychosis, treatment-resistant de-
pression, recurrence, therapeutic respon-
se, and biological subtyping [1,2,4,6].
Precision psychiatry, therefore, should
not be interpreted as abandoning clinical
practice, but as expanding it through

objective and integrated data.

The main trend identified in this
review is the construction of multimodal
panels. Rather than relying on a single
marker, future models tend to combine
clinical, neuropsychological, genom-
ic,
neuroimaging, EEG, inflammation, metab-
olomics, proteomics, and digital markers.
This combination can increase predictive

accuracy and reduce limitations

21

of each marker and enable a more integ-
rated understanding of the patient. How-
ever, for these panels to be clinically
useful, standardized protocols will need
to be established, multicenter validation,
reproducibility across populations, cost-
effectiveness assessment, and ethical cri-
teria for the use of biological and comp-

utational data [1,4,6,7].

From an ethical standpoint, incorp-
orating biomarkers in psychiatry requires
special attention. Genetic, neurobiologi-
cal, and predictive information can affect
identity, autonomy, privacy, stigma, and
access to care. A risk biomarker, for
example, should not be interpreted as an
inevitable clinical destiny, but as a prob-
abilistic indicator embedded in a biops-
ychosocial context. In addition, artificial
intelligence algorithms applied to neur-
oimaging, EEG, or multimodal data must
be transparent, auditable, and free of
biases that could harm specific populat-
ion groups. Thus, technological innovat-
ion must go hand in hand with ethical
responsibility, equity, and patient protec-

tion.

The heterogeneity of mental disorders
remains one ofthe
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major barriers to validating biomarkers.
Patients with the same diagnosis may
show very different clinical trajectories,
different comorbidities, varying levels of
functionality, divergent therapeutic res-
ponses, and heterogeneous biological
profiles. This variability reduces the spe-
cificity of biomarkers and makes it diff-
icult to establish universal cutoff points.
Therefore, biomarkers may be more use-
ful when applied to identifying biological
subtypes, clinical dimensions, or progno-
stic trajectories, and not necessarily to
categorical diagnostic confirmation. This
shift in focus can make the use of

biomarkers more realistic and clinically

relevant.

The limitations of this review should
also be acknowledged. Because this is an
integrative review, studies with different
methodological designs, levels of evide-
nce, and scientific objectives were incl-
uded, which expands the scope of the
analysis but also increases the heteroge-
neity of the synthesis. In addition, some
emerging fields, such as metabolomics,
proteomics, and Al-based EEG, still have
more exploratory evidence when compa-

red to the large genomic and
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neuroimaging. Another limitation refers to
the absence of its own quantitative meta-
analysis, since the aim of the study was to

critically synthesize the available literature
and not to calculate combined effect meas-

ures.

Despite these limitations, the review
provides a relevant contribution by brin-
ging together, in a single analysis, differ-
ent categories of biomarkers used for the
diagnosis and prognosis of mental disor-
ders. The results reinforce that psychiatry
is moving toward a more integrated mod-
el, in which biological data can help to
understand patients’ clinical complexity
and guide more individualized therapeutic
strategies. The main scientific contribut-
ion of this study is to show that neurobi-
ological biomarkers should not be asses-
sed in isolation, but as part of a translati-
onal ecosystem that connects neuroscie-
nce, clinical practice, genetics, technolo-

gy, immunology, metabolism, and mental

health.

Thus, neurobiological biomarkers
represent a promising frontier, but one
that is still being consolidated. Current
evidence supports their potential for risk
stratification, biological subtyping, pred-
iction of therapeutic response, and asse-

ssment
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prognostic, especially when used in mul-

timodal models. However, its clinical

incorporation requires rigorous validati-
on, international standardization, longit-
udinal studies, population diversity, and
ethical integration with psychiatric prac-

tice. Thus, the

CONCLUSION

Neurobiological biomarkers repre-
sent one of the main frontiers of conte-
mporary psychiatry, especially because
they offer possibilities to broaden the
diagnostic, prognostic, and therapeutic
understanding of mental disorders. This
integrative review showed that different
categories of biomarkers, including ge-
nomic markers, neuroimaging, electrop-
hysiology, inflammation,
metabolomics and proteomics are being
progressively investigated as compleme-
ntary tools to traditional clinical assess-
ment. These advances indicate an impor-
tant transition from a psychiatry essentia-
lly based on symptoms to a more integra-
tive, objective, and precision-medicine-

oriented model [1,2].

The studies analyzed show that gen-
omic and neuroimaging biomarkers have

greater robustness
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future of precision psychiatry will depend
on the ability to transform complex
neurobiological findings into clinically
interpretable, accessible, safe, and effec-

tively useful tools for mental health care.

methodological, mainly due to the parti-
cipation of large international consortia,
such as ENIGMA and the Psychiatric
Genomics Consortium. These studies
showed brain structural changes, genetic
overlap between psychiatric disorders,
and involvement of synaptic, neuronal,
and cortical pathways in conditions such
as schizophrenia, major depression, and
bipolar disorder [3,8-15]. Such findings
contribute to understanding the neurobi-
ological basis of mental disorders and
reinforce the need for transdiagnostic
models, capable of recognizing shared

biological mechanisms across different

clinical categories.

Also, electrophysiological biomar-

kers, inflammatory,

metabolomic and proteomic studies have
shown high translational potential, espe-
cially for biological subtyping, clinical

monitoring,
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risk stratification and prediction of ther-
apeutic response [5-7,18-20]. The kynu-
renine pathway, peripheral inflammatory
markers, plasma proteomic signatures,
and patterns derived from EEG emerge as
promising areas for building more indiv-
idualized care models in mental health.
However, these markers still depend on
greater methodological standardization,
replication in different populations, ext-
ernal validation, and the definition of

clinically applicable cutoffpoints.

The analysis of the studies also
showed that no isolated biomarker, to
date, has sufficient validity to replace
clinical assessment in psychiatry. The
complexity of mental disorders requires a
multimodal approach, in which biological
data are interpreted together with clinical
history, psychopathological examination,
functioning, psychosocial context, com-
orbidities, medication use, and the patie-
nt’s individual trajectory. Thus, biomar-

kers should be understood as
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