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ABSTRACT

Modern psychiatry has undergone a profound conceptual and methodological
transformation driven by advances in precision medicine, especially in light of the
limitations of categorical diagnostic models and the high clinical heterogeneity of
mental disorders. This integrative review aimed to analyze scientific evidence on
advances in diagnosis, clinical stratification, and personalized treatment of mental
disorders, with an emphasis on dimensional models, pharmacogenomics, biomarkers,
neuroimaging, artificial intelligence, psychiatric genomics, and predictive tools. Thirty
traceable scientific studies were selected, published in international databases and
relevant journals, including conceptual articles, reviews, clinical guidelines, consensus
statements, randomized clinical trials, longitudinal studies, genomic investigations, and
computational models.The results were organized into five thematic axes: dimensional
and transdiagnostic diagnostic models; pharmacogenomics and personalized prescribi-
ng; multimodal biomarkers in depression and therapeutic response; psychiatric
genomics and polygenic risk scores; and artificial intelligence, neuroimaging, and
individualized clinical prediction models. The evidence shows that precision medicine
can help reduce the trial-and-error logic in psychiatric treatment, guide therapeutic
decisions, improve the prediction of clinical response, and promote more individualized
interventions. However, the broad clinical application of these tools still depends on
external validation, methodological standardization, sample diversity, cost-effectiveness
assessment, and ethical discussion regarding the use of genetic, neurobiological, and
digital data in mental health. It is concluded that precision psychiatry represents one of
the main frontiers of contemporary mental health and should be understood as an
integrative approach that combines technological innovation, clinical judgment, and
attention to the biopsychosocial complexity of the patient.
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INTRODUCTION

Contemporary psychiatry is going

through a period of profound conceptual,

methodological, and translational recon-

figuration. Historically, the diagnosis of

mental disorders was structured around

classificatory predominantly

categorical systems, based on syndromic

groupings defined by signs, symptoms,

and clinical criteria

operationalized. Although these models

have played an essential role in standar-

dizing diagnosis, in

communication among professionals and

in the organization of clinical research,

their limitations have become progressi-

vely evident in the face of to elevated

heterogeneity of mental disorders, of the

symptomatic overlap between diagnostic

categories, of individual variability in

therapeutic response, and of the absence

of biomarkers fully integrated into psyc-

hiatric clinical practice (1-4) .

In this scenario, precision medicine

emerges as a strategic approach to over-

come the traditional paradigm of treat-

ment based on trial and error, seeking to

integrate clinical, genetic, neurobiologic-

al, cognitive, behavioral, and environm-

ental data to guide diagnostic decisions,

prognostic and therapeutic

individualized. Applied to psychiatry, this

perspective proposes that patients with

the same formal diagnosis may present

distinct pathophysiological mechanisms,

heterogeneous clinical trajectories, and

variable therapeutic responses, requiring

assessment models more sensitive to the

biological and psychosocial individuality

of each individual (2,5,6) .

One of the main theoretical founda-

tions of this transformation is represented

by the Research Domain Criteria (RDoC)

project, proposed by the National Instit-

ute of Mental Health, which seeks to

reorganize psychiatric research based on

functional dimensions related to neural

circuits, behavior, cognition, and biolog-

ical systems, rather than limiting it excl-

usively to traditional diagnostic categor-

ies (1-3). In a complementary way, the

Hierarchical Taxonomy of Psychopatho-

logy (HiTOP) proposes a dimensional

and hierarchical organization of psycho-

pathology, offering an alternative to cla-

ssical nosological models and promoting

an understanding of mental disorders as

interrelated spectra of clinical manifesta-

tions (4). These approaches do not elim-

inate the importance of clinical assessm-

ent, but expand its interpretive capacity

by bringing it closer to quantitative me-
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asures and underlying mechanisms.

In the therapeutic field, pharmaco-

genomics represents one of the most

advanced areas of precision psychiatry.

The genetic variability involved in the

metabolism, transport, and response to

psychotropic drugs can influence effica-

cy, tolerability, the risk of adverse effec-

ts, and the need for dosage adjustments.

International guidelines, such as those

prepared by the Clinical Pharmaco -

genetics

Implementation Consortium have conso-

lidated recommendations related to genes

such as CYP2D6, CYP2C19, and CYP2B

6, especially in the use of selective

serotonin reuptake inhibitor antidepress-

ants and tricyclic antidepressants (11-13).

In addition, reviews, consensus stateme-

nts, and randomized clinical trials have

investigated the usefulness of pharmac-

ogenomic testing in guiding antidepres-

sant prescribing, particularly in patients

with major depression, a history of mult-

iple therapeutic failures, or relevant adv-

erse effects (10,14-18).

Despite advances, the incorporation

of pharmacogenomics into clinical pract-

ice still requires careful interpretation.

Trials such as GUIDED and PRIME Care

have shown that using pharmacogenomic

tests can reduce prescriptions with predi-

cted gene–drug interactions and contrib-

ute to higher response or remission rates

in certain clinical contexts, although the

observed effects on symptomatic outc-

omes are not always robust or sustained

at every follow-up point (15,16). These

findings indicate that pharmacogenomics

should not be understood as an isolated

solution, but as a component of a mult-

imodal clinical decision-making strategy,

integrated with the patient’s history, ill-

ness severity, comorbidities, concomitant

medication use, and therapeutic prefere-

nces.

At the same time, molecular, neur-

ophysiological, and neuroimaging biom-

arkers have been investigated as potential

tools for diagnostic stratification and

prediction of therapeutic response. Stud-

ies such as GENDEP and CAN-BIND

exemplify efforts to understand the anti-

depressant response through the integra-

tion of genetic data, peripheral gene

expression, electroencephalography,

functional neuroimaging, cognition and

clinical characteristics (19-24). This per-

spective is particularly relevant in major

depression, a highly prevalent, heterog-
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eneous disorder associated with a high

individual and social burden, in which the

early identification of predictors of res-

ponse could reduce the time of suffering,

exposure to ineffective treatments, and

the risk of chronicity.

The use of electroencephalography,

functional magnetic resonance imaging,

and advanced computational models has

expanded the possibility of identifying

neurobiological signatures associated

with therapeutic response. Recent studies

indicate that patterns of functional conn-

ectivity, electrophysiological measures,

and multimodal brain networks may con-

tribute to the development of individual-

ized predictive models in major depress-

ion (22-25). However, translating these

findings into clinical practice depends on

external validation, reproducibility, cost-

effectiveness, standardization of protoc-

ols, and the development of tools

that can be interpreted for use in real-

world care settings (7,8).

Another key axis of precision psyc-

hiatry is psychiatric genomics. Large-

scale genome-wide association studies

have revealed the complex polygenic

architecture of disorders such as schizo-

phrenia and bipolar disorder, identifying

multiple loci associated with risk and

implicating biological pathways related to

synaptic function, neurodevelopment, and

neural regulation (26,27). Although pol-

ygenic risk scores do not yet have stand-

alone diagnostic application in clinical

practice, they represent a promising tool

for understanding vulnerability, stra-

tification

population-level, risk trajectories, and

possible biological subgroups within hi-

ghly heterogeneous psychiatric disorders

(28) .

In addition to biological markers,

predictive models based on artificial inte-

lligence and machine learning have been

playing an increasingly important role in

modern psychiatry. Integrated analysis of

large volumes of clinical, genetic, neur-

opsychological, digital, and neuroimaging

data can help estimate individual risk,

predict clinical course, support therapeu-

tic decision-making, and identify profiles

with greater vulnerability (5-7) . In the

psychosis field, for example, individual-

ized risk calculators developed in high

clinical-risk cohorts, such as the

NAPLS-2, have demonstrated the ability

to estimate the probability of conversion

to psychosis based on clinical, cognitive,

and psychosocial variables, and were

subsequently subjected to external valid-

http://www.revistacientificaipedss.com


5

ISSN: 2764-4006 | www.revistacientificaipedss.com

ation (29,30) .

Meanwhile, advances in precision

psychiatry also bring scientific, clinical,

ethical, and operational challenges. Am-

ong them are the need for validation in

diverse populations, the reduction of alg-

orithmic bias, the protection of sensitive

data, the clinical interpretation of genetic

and neurobiological findings, equitable

access to technologies, and the prevention

of reductive uses of biomarkers. The

complexity of mental disorders requires

that precision medicine be understood as

an integrative approach, not merely a

technological one, preserving the central-

ity of clinical listening, subjectivity, the

psychosocial context, and the therapeutic

relationship.

Given this context, it becomes rele-

vant to critically synthesize the evidence

available on the advances of modern

psychiatry and precision medicine in the

diagnosis and personalized treatment of

mental disorders. Thus, this integrative

review aims to analyze recent and relev-

ant scientific studies on dimensional

models, pharmacogenomics,

biomarkers, neuroimaging,

artificial intelligence, psychiatric geno-

mics, and predictive tools applied to

personalizing mental healthcare, discus-

sing their contributions, limitations, and

perspectives for clinical practice and for

international psychiatric research.

METHODOLOGY

This study is characterized as an

integrative literature review, a method

that makes it possible to gather, analyze,

and synthesize available scientific evid-

ence on a given phenomenon of interest,

considering different methodological de-

signs and enabling a broad and critical

understanding of the topic under investi-

gation. The choice of this type of review

is justified by the complexity and multi-

dimensionality of precision psychiatry, a

field that involves contributions from

conceptual studies, systematic reviews,

clinical guidelines, randomized clinical

trials, genomic studies, investigations

using biomarkers, neuroimaging, el-

ectroencephalography,

artificial intelligence and predictive mod-
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els applied to mental disorders.

The guiding question for this review

was defined as follows: what are the main

scientific advances related to precision

medicine in the diagnosis, clinical stratif-

ication, and personalized treatment of

mental disorders? From this question, the

aim was to identify evidence addressing

the transition from categorical diagnostic

models to dimensional approaches, the

use of molecular, genetic, neurophysiolo-

gical, and neuroimaging biomarkers, the

application of pharmacogenomics in pre-

scribing psychotropic medications, the

development of individualized predictive

models, and the use of artificial intellige-

nce in clinical decision-making in psych-

iatry.

The bibliographic search was cond-

ucted in internationally recognized scien-

tific databases, with priority given to

PubMed/MEDLINE, the National Center

for Biotechnology Information, and high-

impact journals in psychiatry, neuroscie-

nces, genetics, clinical pharmacology, and

translational medicine, as well as publis-

hed guidelines and consensus statements

in specialized journals. Studies indexed in

journals such as the American Journal of

Psychiatry, JAMA, JAMA Psychiatry,

Nature, Nature Genetics, Molecular Psy-

chiatry, Translational Psychiatry, Schiz-

ophrenia Bulletin, Clinical

Pharmacology & Therapeutics, Frontiers

in Psychiatry, BMC Psychiatry, Neuro-

Image: Clinical, Neuroscience & Biobe-

havioral Reviews, and other journals

compatible with the scope of the investi-

gation were considered.

The search strategy was guided by

controlled vocabulary descriptors and

free-text terms related to the study’s

central theme, combining expressions in

English due to the predominance of inte-

rnational literature on the subject. Terms

such as “precision psychiatry”, “precision

medicine”, “mental disorders”, “pharma-

cogenomics”, “pharmacogenetics”,

“biomarkers”,

“machine learning”, “artificial

intelligence”, “neuroimaging”,

“electroencephalography”, “genome-wide

association study”, “polygenic risk score”,

“major depressive disorder”,

“schizophrenia”, “bipolar disorder”,“ps-

ychosis risk”, “RDoC”, and “HiTOP” .

The combinations were carried out to

encompass both studies based on conce-

ptual foundations and associated clinical

and translational research related to the

diagnosis and personalized treatment of

mental disorders.
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The following were adopted as inc- orship or journal, works focusing exclu-
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lusion criteria: studies published in trac-

eable scientific journals; articles in Engl-

ish or Portuguese; studies directly related

to precision psychiatry, biomarkers,

pharmacogenomics, psychiatric genomi-

cs, neuroimaging, electroencephalo-

graphy,

artificial intelligence, predictive models,

dimensional diagnosis, or personalized

treatment in mental disorders; systematic

reviews, meta-analyses, randomized cli-

nical trials, observational studies, clinical

guidelines, international consensus stat-

ements, broad genomic association stud-

ies, and conceptual articles of high rele-

vance for the theoretical foundation of the

topic. Classic and foundational studies

were also included, even if published

earlier, when considered essential for

understanding the conceptual evolution of

modern psychiatry, such as work related

to the Research Domain Criteria and the

Hierarchical Taxonomy of

Psychopathology.

Studies with no direct relationship to
precision medicine in psychiatry were
excluded, as were opinion articles with-
out relevant conceptual contribution, non-
trackable publications, duplicate studies,
texts without clear identification of auth-

sively on psychotherapy without an app-

roach to diagnostic or therapeutic perso-

nalization, as well as studies whose

content did not provide objective contri-

bution to the analysis of advances in

diagnosis and personalized treatment of

mental disorders.

After the search stage, the studies

were submitted to an initial screening

based on title, abstract, publication jour-

nal, study design type, and adherence to

the proposed theme. Then, potentially

eligible articles were assessed for scienti-

fic relevance, traceability, contribut-

ion

methodological contribution and pertin-

ence to the analytical axes of the review.

At the end of the process, 30 studies were

selected to form the article’s main scien-

tific foundation. The selection aimed to

ensure methodological diversity and ba-

lance between conceptual foundations,

evidence clinical guidelines

pharmacogenomic studies, genomic stu-

dies, research with biomarkers, and artif-

icial intelligence applications.

For the extraction of the data, a

standardized matrix was developed cont-

aining the following information: author

and year of publication, country or pre-

dominant institutional origin, study des-
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ign, sample or population analyzed, me- nical risk calculators. This categorization
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ntal disorder investigated, autonomic

marker or precision marker assessed,

main findings, and contribution to the

article’s discussion. Considering that not

all of the included studies assessed

markers

autonomic parameters as such, such as

heart rate variability, the galvanic skin

response, or cardiovascular parameters;

when applicable, the primary accuracy

marker addressed was recorded, includ-

ing genetic markers, pharmacogen-
omic,

neurophysiological, molecular,

neuroimaging, polygenic scores, compu-

tational models, or dimensional framew-
orks.

The analysis of the studies was

conducted in a qualitative and interpret-

ive manner, aiming to identify converg-

ences, limitations, gaps, and clinical imp-

lications related to precision psychiatry.

The findings were organized into five

main thematic axes: diagnostic models

dimensional, and

transdiagnostic; pharmacogenomics and

personalized prescribing; multimodal

biomarkers applied to depression and
therapeutic response; psychiatric genom-
ics and polygenic risk scores; and predic-
tive models based on artificial intelligen-
ce, neuroimaging, and individualized cli-

made it possible to synthesize the studies

coherently with the article’s proposal and

facilitated the development of a critical

discussion about the clinical applicability

of the evidence.

Because this is an integrative review

based exclusively on secondary data from

studies already published, there was no

direct involvement of human beings,

collection of primary data, clinical inter-

vention, or access to identifiable patient

information. Thus, submission to an Re-

search Ethics Committee was not neces-

sary, in accordance with the applicable

rules for literature review studies. Even

so, the principles of scientific integrity,

source traceability, fidelity to the original

evidence, and proper citation of the

included works were upheld.

The presentation of the results was

planned in a concise manner, with the

organization of the studies by thematic

axes, in order to avoid an excessively

long table in the body of the article. The

complete extraction matrix served as a

methodological support tool for critical

analysis, while the results table was

structured to highlight the groups of

evidence, the types of studies included,
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and their main contributions to the unde- personalized treatment of mental disord-
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rstanding of the advances of modern

psychiatry and precision medicine in

diagnosis and
RESULTS

This integrative review included 30

studies selected for their scientific relev-

ance to understanding advances in mod-

ern psychiatry and precision medicine in

the diagnosis, clinical stratification, and

personalized treatment of mental disord-

ers. The studies covered different meth-

odological designs, including conceptual

articles, narrative reviews, systematic

review, meta-analyses, and guidelines

clinical, consensus

international, randomized clinical trials,

longitudinal studies, genome-wide assoc-

iation studies, investigations using elect-

roencephalography, functional neuroima-

ging, gene expression, artificial intellige-

nce, and individualized models for clinical

prediction.

The qualitative analysis of the studies

made it possible to organize the findings

into five main thematic axes: dimensional

diagnostic models dimensional and

transdiagnostic; pharmacogenomics and

personalized prescribing; multimodal

biomarkers applied to depression and

therapeutic response; genomics

ers.

psychiatric and polygenic risk scores; and

predictive models based on artificial inte-

lligence, neuroimaging, and individuali-

zed clinical risk calculators. This catego-

rization made it possible to synthesize the

contributions of the included studies and

highlight how different approaches are

being integrated into the development of

precision psychiatry.

Conceptual and taxonomic studies

showed that modern psychiatry has been

progressively shifting from models

exclusively categorical diagnoses toward

dimensional and biologically oriented

proposals. The Research Domain Criteria

and the Hierarchical Taxonomy of Psyc-

hopathology were identified as relevant

milestones in this process, because they

offer alternatives to the traditional classi-

fication of mental disorders and support a

more integrated understanding of symp-

toms, neurobiological circuits, behavioral

domains and psychopathological

spectra (1-4) .

In the field of pharmacogenomics,
evidence has been identified from clinical
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guidelines, consensus statements, meta- markers may help predict response to
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analyses, and randomized clinical trials.

These studies indicated that genetic var-

iants related to the metabolism of psych-

otropic drugs, especially in genes such as

CYP2D6, CYP2C19, and CYP2B6, may

guide decisions regarding drug selection

and dose adjustment, particularly in the

treatment of depressive disorders. Clini-

cal trials such as GUIDED and PRIME

Care demonstrated potential clinical be-

nefits of pharmacogenomic testing, alt-

hough they also showed that their effects

on remission and symptomatic response

may vary according to the clinical and

methodological context (10- 18).

Studies on multimodal biomarkers

focused

predominantly on major depressive dis-

order, reflecting the clinical and epidem-

iological relevance of depression and its

well-recognized biological heterogeneity.

Investigations were identified that asses-

sed peripheral gene expression, electro-

encephalography, functional connectivity

via functional magnetic resonance imag-

ing, and multimodal integration of clini-

cal and neurobiological data. These stu-

dies suggested that combining molecular,

neurophysiological, and neuroimaging

antidepressant treatment and stratify pat-
ient subgroups (19-25) .

Psychiatric genomics was represen-

ted by large-scale genome-wide associa-

tion studies and investigations using po-

lygenic risk scores. The findings showed

that disorders such as schizophrenia and

bipolar disorder have complex, polygenic

genetic architectures distributed across

multiple loci. Although these markers do

not yet constitute stand-alone diagnostic

tools in clinical practice, the analyzed

studies indicated their relevance for und-

erstanding vulnerability, risk trajectories,

possible biological subtypes, and patho-

physiological mechanisms associated

with severe mental disorders (26-28) .

Finally, studies related to artificial

intelligence, machine learning, and indi-

vidualized predictive models showed the

growth of approaches

computational approaches focused on the

integrated analysis of clinical, genetic,

neuropsychological, and neurobiological

data. Models based on machine learning,

deep learning, neuroimaging, and indiv-

idualized risk calculators have demonstr-

ated potential to support clinical decision-
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making, estimate the risk of conversion to

psychosis, and predict therapeutic resp-

onse. However, the studies also highlig-

hted challenges related to

external validation, reproducibility, inte-

rpretability of the models, and impleme-

ntation in real clinical environments

(5-8,24,25,29,30) .

Table 1 - Synthesis of the studies included in the integrative review according
to the contribution axis for precision psychiatry

Thematic axis Included studies Type of evidence Main contributions

Dimensional and tr-
ansdiagnostic diag-
nostic models

Insel et al. (1); Insel (2);
Cuthbert (3); Kotov et al. (4)

Conceptual, taxono-
mic, and theoretical
foundation articles

They underpin the transition from psychiatry
based exclusively on diagnostic categories to
dimensional, transdiagnostic, and biologically
oriented models. RDoC proposes investigating
mental disorders from functional domains,
neural circuits, and levels of analysis, while
HiTOP organizes psychopathology into hiera-
rchical spectra.

Pharmacogenomics
and personalized
prescribing

Bousman et al. (10);
Bousman et al. (11); Hicks et
al. (12); Hicks et al. (13);
Bousman et al. (14); Greden
et al. (15); Oslin et al. (16);
Tiwari et al. (17); Arnone et
al. (18); Uher et al. (19)

Clinical guidelines, con-
sensus statements, meta-
analyses, randomized
clinical trials, and pha-
rmacogenomic studies

They show that genetic variants, especially in
CYP2D6, CYP2C19, and CYP2B6, may cont-
ribute to personalizing antidepressant prescri-
bing and reducing gene–drug interactions.
Clinical trials indicate potential benefits of
pharmacogenomic testing, although with var-
iable magnitude across clinical outcomes.

Multimodal biom-
arkers in depression
and therapeutic re-
sponse

Lam et al. (20); Fiori et al.
(21); Schwartzmann et al.
(22); Jaworska et al. (23);
Harris et al. (24); Jiao et al.
(25)

Longitudinal studies,
multicenter protocols,
gene expression, EEG,
fMRI, machine learning,
and deep learning

They highlight the potential of integrating
molecular, electrophysiological, and neuroim-
aging biomarkers to predict response to antid-
epressant treatment. The findings reinforce that
multimodal approaches may be more promising
than isolated biomarkers in stratifying patients
with major depression.

Psychiatric genomics
and polygenic risk
scores

Trubetskoy et al. (26);
Mullins et al. (27); Jiang et
al. (28)

Wide-genome associa-
tion studies and invest-
igations with a polyge-
nic risk score

They demonstrate the complex, polygenic ge-
netic architecture of disorders such as schizo-
phrenia and bipolar disorder. The studies iden-
tify risk-associated loci, genes related to syna-
ptic biology, and possible future applications
of polygenic scores in stratifying vulnerability.

Artificial intelligen-
ce, neuroimaging,
and individualized
clinical prediction
models

Bzdok and Meyer-Lindenberg
(5); Chen et al. (6); Salazar de
Pablo et al. (7); Etkin and
Mathalon (8); Harris et al.

(24); Jiao et al. (25); Cannon
et al. (29); Carrión et al. (30)

Reviews, computational
models, functional ne-
uroimaging, deep lear-
ning, risk calculators,
and external validation

They reinforce the role of artificial intelligence
and predictive models in the integrated analysis
of clinical and neurobiological data. Psychosis
risk calculators and neuroimaging-based mod-
els indicate potential for individualized predic-
tion, although they still depend on external
validation, standardization, and clinical appli-
cability.
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Overall, the results indicate that

precision psychiatry is not limited to a

single technology or biomarker, but is an

integrative field that combines dimensi-

onal diagnosis, pharmacogenomics,

multimodal biomarkers, psychiatric ge-

nomics, and artificial intelligence. The

main trend observed in the analyzed

studies is the search for models capable

of reducing the clinical heterogeneity of

mental disorders, improving the predict-

ion of therapeutic response, and guiding

more individualized interventions. Ho-

wever, it was also observed that much of

the evidence is still at a translational

stage, requiring further validation in div-

erse populations and cautious incorpora-

tion into clinical practice.

DISCUSSION

The findings of this integrative rev-

iew show that modern psychiatry is

moving toward a paradigm shift,

marked by

the gradual incorporation of dimensional

models, biomarkers,

pharmacogenomics, psychiatric genomi-

cs, neuroimaging, electroencephalogra-

phy and artificial intelligence in unders-

tanding mental disorders. The analysis of

the 30 included studies shows that preci-

sion medicine in psychiatry should not be

understood as a replacement for traditio-

nal clinical assessment, but as a method-

ological and translational expansion of

psychiatric practice, capable of integrat-

ing different levels of information to

improve diagnosis, risk stratification,

prognosis and treatment selection.

One of the main points identified

refers to the inadequacy of exclusively

categorical diagnostic models to represent

the complexity of mental disorders. Tra-

ditional classification systems, although

fundamental for clinical standardization

and research, have limitations in the face

of high symptomatic heterogeneity, ove-

rlap between diagnoses, frequent comor-

bidity, and individual variability in trea-

tment response. In this sense, the Resea-

rch Domain Criteria emerges as a struct-

uring proposal by shifting the focus from

syndromic classification to functional

dimensions related to neural circuits,

cognitive processes, behavior, and biolo-

gical systems (l-
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proposes a hierarchical organization of

psychopathology, allowing symptoms

and disorders to be understood as manif-

estations distributed across dimensional

spectra, and not only as isolated diagnos-

tic entities (4) .

This conceptual shift has direct imp-

lications for precision medicine. For ps-

ychiatric treatment to be truly personali-

zed, it is necessary to recognize that

individuals with the same formal diagno-

sis may present distinct neurobiological,

genetic, cognitive, and psychosocial pro-

files. Thus, two patients classified with

major depressive disorder, bipolar diso-

rder, or schizophrenia may respond co-

mpletely differently to the same medica-

tion, show diverging clinical trajectories,

and require specific therapeutic strategies.

In this context, precision psychiatry pr-

oposes a clinical logic that is less focused

on an isolated diagnostic label and more

oriented toward identifying individual

mechanisms, trajectories, and vulnerabil-

ity, response, and prognosis markers.

Pharmacogenomics has emerged as
one of the most advanced and operation-

Studies and guidelines included in this

review show that genetic variants associ-

ated with the metabolism of psychotropic

drugs, especially in genes such as CYP2

D6, CYP2C19, and CYP2B6, can direc-

tly affect plasma concentration, tolerabil-

ity, and clinical response to antidepress-

ants and other psychotropic medications

(11- 13). The Clinical Pharmacogene

tics

Implementation Consortium represents a

relevant milestone by providing practical

recommendations for dose adjustment

and medication selection based on the

patient’s metabolizer profile, especially in

the use of selective serotonin reuptake

inhibitors and tricyclic antidepressants

(11- 13).

Meanwhile, the results also show

that pharmacogenomics still needs to be

interpreted with caution. Randomized

clinical trials and meta-analyses suggest

that pharmacogenomic testing may cont-

ribute to higher response or remission

rates in certain groups of patients with

major depression, especially in cases of

prior treatment failure, important adverse

effects, or multiple medication attempts

(10,15-18). The GUIDED study, for

example, demonstrated clinical benefits

in secondary outcomes related to respo-
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nse and remission, while PRIME Care

showed a reduction in the prescription of

medications with predicted gene-drug

interactions, although the effects on rem-

ission were modest and variable over

follow-up (15,16). These findings indic-

ate that pharmacogenomic tests can be

useful as an auxiliary decision-making

tool, but they do not replace clinical

judgment, longitudinal assessment, co-

morbidity analysis, and listening to the

patient’s preferences.

The discussion on pharmacogeno-

mics also reveals an important tension

between technological enthusiasm and

clinical applicability. Although the gene-

tic profile can guide the choice of medic-

ations, the therapeutic response in psyc-

hiatry is multifactorial and involves ph-

armacodynamic, environmental, psycho-

logical, epigenetic, inflammatory, hor-

monal, and social aspects. The GENDEP

study reinforces this complexity by sho-

wing that the antidepressant response has

a distributed genetic basis and cannot be

adequately explained by isolated variants

(19) . Therefore, pharmacogenomics sh-

ould be integrated into a multimodal

approach that combines clinical, genetic

data, treatment history, adverse effects,

adherence to treatment, and psychosocial

characteristics.

Another central axis identified was

the progress of multimodal biomarkers,

especially in major depressive disorder.

Studies such as CAN-BIND and EMB-

ARC point to a growing trend toward

integrating clinical, molecular, neuroph-

ysiological, and neuroimaging data in an

attempt to predict response to antidepre-

ssant treatment (20-25). Major depression

is a highly heterogeneous disorder, with

multiple possible pathophysiological pa-

thways, including changes in neural cir-

cuits, stress response, inflammation, sy-

naptic plasticity, neurotransmission, sle-

ep, cognition, and emotional regulation.

Therefore, identifying a single, universal

biomarker for diagnosis or therapeutic

response seems unlikely. The greatest

promise lies in composite models capable

of combining different layers of informa-

tion.

Electroencephalography appears as a

particularly relevant tool due to its relat-

ively high accessibility, lower cost com-

pared with functional neuroimaging, and

the ability to capture dynamic patterns of

brain activity. Studies included in this

review indicate that EEG-based models—

especially when combined with machine

learning techniques—may contribute to
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predicting response to antidepressants,

particularly selective serotonin reuptake

inhibitors (22,23). This approach is pro-

mising because it brings psychiatry closer

to an objective functional assessment,

potentially applicable in clinical settings

with greater operational feasibility than

complex, high-cost exams.

Functional neuroimaging, in turn,

has contributed to identifying patterns of

brain connectivity associated with thera-

peutic response. Studies using resting-

state functional magnetic resonance ima-

ging show that pre-treatment characteris-

tics and early connectivity changes can

help predict the response to escitalopram

and other antidepressants (24). More

recently, approaches based on deep lear-

ning and multimodal brain networks have

begun integrating fMRI and EEG data to

identify individualized response signatu-

res in major depression (25). These

findings reinforce the potential of neur-

oimaging as a stratification tool, but also

highlight challenges

related to cost, protocol standardization,

the need for external validation, and

reproducibility across different centers.

Psychiatric genomics represents an-

other essential field for consolidating

precision psychiatry. Large genome-wide

association studies have shown that dis-

orders such as schizophrenia and bipolar

disorder have complex genetic architect-

ures, with multiple risk loci distributed

across the genome (26,27). In the case of

schizophrenia, the findings point to genes

and pathways related to synaptic biology,

reinforcing the nature

neurodevelopmental and neurobiological

aspects of the disorder (26). In bipolar

disorder, genomic studies expand under-

standing of vulnerability, clinical heter-

ogeneity, and possible shared mechani-

sms with other psychiatric disorders (27).

Despite their scientific value, poly-

genic risk scores still have important

limitations for individual clinical applic-

ation. They may contribute to estimates

of population-level vulnerability and to

research on risk stratification, but they

still lack sufficient accuracy for isolated

diagnosis, definitive individual predicti-

on, or therapeutic decision-making ind-

ependent of other factors. Studies in

young populations with bipolar disorder

or high risk for bipolarity indicate that

these scores can offer
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vulnerability, but its clinical usefulness

remains dependent on further validation,

sample diversity, and integration with

environmental, family, and clinical vari-

ables (28) .

Artificial intelligence and machine

learning emerge as cross-cutting tools,

capable of integrating large volumes of

data and identifying patterns not evident

by traditional statistical methods. Revi-

ews included in this analysis highlight

that computational models can support

diagnostic, prognostic, and therapeutic

prediction, especially when they combine

clinical, cognitive, neurobiological, gen-

etic, and digital data (5-7) . However, the

application of AI in psychiatry requires

methodological rigor, interpretability,

external validation and attention to algor-

ithmic biases. A highly accurate model in

a research sample may show poorer

performance when applied to different

clinical populations, with distinct social,

cultural, ethnic, and care contexts.

The experience of individualized

psychosis-risk calculators clearly illustr-

ates the possibilities and limits of clinical

prediction in psychiatry. The model dev-

estimate the risk of conversion to psych-

osis in individuals with high clinical risk,

using clinical, cognitive, and psychosoc-

ial variables (29). External validation

with the EDIPPP project reinforced the

model’s robustness, showing that predic-

tive tools can be useful when developed

rigorously and tested in independent

samples (30). Even so, clinical use of

these calculators requires caution, beca-

use risk predictions in mental health can

generate psychological impacts, stigmat-

ization, premature therapeutic decisions,

and ethical dilemmas related to commu-

nicating risk.

Another relevant aspect concerns the

need for translational validation. Many

biomarkers and predictive models show

promising results in controlled research

environments, but they still face obstacles

to being incorporated into routine clinical

practice. Among these obstacles are the

heterogeneity of the studied populations,

the lack of standardization of collection

and analysis methods, the limited size of

some samples, the absence of independ-

ent replication, the cost of certain techn-

ologies, and the difficulty of turning

complex results into simple, safe, and

interpretable clinical recommendations.

http://www.revistacientificaipedss.com


ISSN: 2764-4006 | www.revistacientificaipedss.com

Therefore, precision psychiatry is still in exam, or algorithm, but on the intelligent

17

a consolidation phase, with more mature

areas such as pharmacogenomics, and

other areas still under translational deve-

lopment, such as multimodal models

based on neuroimaging and artificial

intelligence.

Ethical discussion is also indispen-

sable. The use of genetic, neurobiologic-

al, and digital data in mental health

involves highly sensitive information,

related not only to the patient’s current

condition, but also to future risks, family

vulnerabilities, and possible behavioral

predictions. Protecting privacy, informed

consent, data security, equity in access to

technologies, and preventing genetic or

algorithmic discrimination are essential

aspects for the responsible implementat-

ion of precision medicine in psychiatry.

In addition, it is necessary to prevent

biomarkers from being used in a reduct-

ionist way, ignoring subjectivity, the

patient’s life history, psychic suffering,

and the patients’ social context.

The analysis of the studies also
points to the importance of integrative
precision psychiatry. The future of the
field is likely not to rely on a single test,

combination of multiple dimensions: a

qualified clinical interview, longitudinal

history, prior treatment response, a pha-

rmacogenomic profile, biomarkers

molecular, neurophysiological data, neu-

roimaging, cognitive measures, enviro-

nmental factors, and the patient’s prefer-

ences. This integration can enable a more

predictive, preventive, personalized,

and participatory practice,

Bringing psychiatry closer to the core

principles of precision medicine without

abandoning its clinical, relational, and

humanistic nature.

In this way, the studies included in

this review show that precision psychia-

try already has relevant scientific founda-

tions, especially in areas such as pharm-

acogenomics, dimensional models, mul-

timodal biomarkers, psychiatric genomi-

cs, and artificial intelligence. However,

the broad integration of these tools into

clinical practice still depends on robust

validation, international standardization,

professional training, cost-effectiveness

assessment, and the development of app-

licable clinical protocols. The main con-

temporary challenge is not only to prod-

uce biomarkers or algorithms, but to turn
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them into safe, accessible, interpretable,

and clinically useful instruments to imp-

rove mental health care.

Therefore, modern psychiatry is at a

point of transition between the traditional

model, centered on diagnostic categories

and average therapeutic responses, and a

new paradigm oriented by

individualizing patient care. Precision

medicine offers a concrete possibility to

reduce the gap between the heterogeneity

of mental disorders and the need for more

specific, effective, and tolerable interve-

ntions. However, its success will depend

on the ability to integrate cutting-edge

science, clinical prudence, ethical respo-

nsibility, and a commitment to the com-

plexity human that characterizes mental suffer-

ing.

CONCLUSION

This integrative review made it pos-

sible to show that modern psychiatry is in

a process of paradigm transition, driven

by advances in precision medicine and

the need to overcome historical limitati-

ons of traditional diagnostic and therap-

eutic models. The studies analyzed de-

monstrate that mental disorders cannot be

understood only as homogeneous clinical

categories, since they show high symp-

tomatic heterogeneity, multiple develo-

pmental trajectories, different

neurobiological

and wide variability in response to avai-

lable treatments.

The findings indicate that dimensi-

onal and transdiagnostic models, such as

the RDoC and the HiTOP, offer relevant

foundations for a more integrated under-

standing of psychopathology, bringing

together symptoms, behavior, cognition,

neural circuits, and biological mechani-

sms. This perspective helps shift psychi-

atric practice from an exclusively catego-

rical logic to a more functional, individ-

ualized approach oriented by underlying

mechanisms ofmental suffering.

Pharmacogenomics has stood out as

one of the areas with the greatest imme-

diate clinical applicability in precision

psychiatry, especially in the treatment of

depressive disorders. The evidence anal-

yzed suggests that genetic tests related to

the metabolism of psychotropic drugs

may help in medication selection, dose
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adjustment, reducing gene-drug interact-

ions, and preventing adverse effects.

However, the results also show that these

tests should be understood as complem-

entary tools, not as substitutes for clinical

assessment, since therapeutic response in

psychiatry is influenced by biological,

psychological, social, environmental, and

contextual factors.

Multimodal biomarkers, including

peripheral gene expression, electroence-

phalography, neuroimaging

functional and computational models have

demonstrated potential to improve the

prediction of therapeutic response, espec-

ially in major depressive disorder. How-

ever, most of this evidence is still in the

translational phase, requiring external va-

lidation, methodological

reproducibility, and cost-effectiveness

assessment before being widely incorpo-

rated into routine clinical practice.

In the field of psychiatric genomics,

large genome-wide association studies

and investigations with polygenic risk

scores have expanded understanding of

the complex genetic architecture of dis-

orders such as schizophrenia and bipolar

disorder. Although these markers do not

yet have isolated diagnostic utility, they

represent promising tools for understan-

ding vulnerability, risk stratification, pa-

thophysiological mechanisms, and poss-

ible biological subgroups within severe

mental disorders.

Artificial intelligence and individu-

alized predictive models also emerge as

strategic tools for precision psychiatry, by

enabling the integration of large volumes

of clinical, genetic, neuropsychological,

neurophysiological, and neuroimaging

data. Psychosis risk calculators and

machine-learning-based models point to

promising avenues for prevention, prog-

nosis, and therapeutic decision-making.

However, their clinical application requ-

ires caution, especially regarding interpr-

etability, validation in diverse populatio-

ns, protection of sensitive data, reduction

of algorithmic biases, and ethical respon-

sibility in the use of mental-health predi-

ctions.

In general, it is concluded that prec-

ision medicine represents one of the main

frontiers of contemporary psychiatry, with

the potential to make mental health care

http://www.revistacientificaipedss.com


20

ISSN: 2764-4006 | www.revistacientificaipedss.com

more predictive, preventive, personalized,

and participatory. However, its

consolidation will depend on balanced

integration between technological innov-

ation, scientific rigor, clinical judgment,

and humanistic sensitivity. The future of

precision psychiatry does not lie in a

single biomarker, genetic test, or algori-

thm, but in the combination of multiple

dimensions of analysis capable of recog-

nizing the biological, psychological, and

social complexity ofmental disorders.

Thus, advances in the diagnosis and

personalized treatment of mental disord-

ers point toward a more sophisticated,

evidence-based psychiatry that is oriented

to the individuality of the patient. Alth-

ough there are important methodological,

clinical, ethical, and operational challe-

nges, the reviewed studies show that

precision medicine is already a promising

path for improving therapeutic effectiv-

eness, reducing trial-and-error logic, ant-

icipating risks, personalizing interventi-

ons, and expanding the quality of care in

mental health.
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