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Abstract 

Precision psychiatry aims to improve routine clinical practice by integrating biological, clinical, and environmental data. Many studies 
have been performed in different areas of research on major depressive disorder, bipolar disorder, and schizophrenia. Neuroimaging 
and electroencephalography findings have identified potential circuit-level abnormalities predictive of treatment response. Protein 
biomarkers, including IL-2, S100B, and NfL, and the kynurenine pathway illustrate the role of immune and metabolic dysregulation. 
Circadian rhythm disturbances and the gut microbiome have also emerged as critical transdiagnostic contributors to psychiatric 
symptomatology and outcomes. Moreover, advances in genomic research and polygenic scores support the perspective of personal-
ized risk stratification and medication selection.

While challenges remain, such as data replication issues, prediction model accuracy, and scalability, the progress so far achieved 
underscores the potential of precision psychiatry in improving diagnostic accuracy and treatment effectiveness.

Keywords: major depression; schizophrenia; bipolar disorder; personalized medicine; biomarkers.

INTRODUCTION
Precision psychiatry is emerging as a transformative approach 
aiming to deliver personalized, accurate, and effective  
treatments.1-5 It represents a departure from the traditional one-
size-fits-all and trial-and-error approaches, which have long strug-
gled to capture the complexity, heterogeneity, and dynamic nature 
of psychiatric disorders. Instead, precision psychiatry aims to inte-
grate data from neuroimaging, molecular biomarkers, and genetic 
profiles to clinical assessments, digital phenotypes, and real-time 
measures into predictive models and decision-making aids.

Similarly to other areas of medicine, precision psychiatry 
leverages recent advances in research evidence and computa-
tional methods, including machine learning, natural language 
processing, and systems biology approaches.6 Over the past dec-
ade, large-scale consortia and biobanks have furnished unprec-
edented volumes of genetic, imaging, and clinical data, enabling 
the detection of biomarkers.7-10 Similarly, the use of electronic 
health records, wearables, smartphone applications, and digital 

phenotyping tools has provided real-time data on mood fluctua-
tions, sleep patterns, physical activity, and social interactions, all 
of which contribute to more detailed phenotyping of the patient 
time course within real-world contexts.11-13

Nevertheless, precision psychiatry still faces several chal-
lenges: harmonization and integration of diverse data sources, 
robustness and reproducibility of predictive models, and trans-
lation of theoretical findings into clinically useful tools. In recent 
decades, many biomarkers have failed independent replication or 
have proven challenging to implement in routine clinical settings. 
Ethical and regulatory considerations also need attention, given 
that personalization efforts must face privacy concerns, poten-
tial data collection and analysis biases, and the uneven global 
distribution of healthcare resources and digital infrastructures. 
Furthermore, patient engagement and acceptability of new tech-
nologies must be carefully addressed, as individuals may react 
differently to continuous data monitoring or the use of artificial 
intelligence in guiding treatment.
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This narrative review is an initiative of the CINP Global 
Networking Community for Precision Psychiatry. It aims to pro-
vide a general overview of the potential biomarkers applicable 
to precision psychiatry, emphasizing their clinical and research 
relevance. While this work is not exhaustive and focuses on offer-
ing a broad perspective and some examples rather than detailed 
descriptions, which are available in other relevant literature,1-4 it 
emphasizes the need for initiatives like the CINP GNC on preci-
sion psychiatry for advancing the field by fostering collaboration 
and supporting innovative research.

Clinical Features
The integration of biological markers into psychiatric diagnosis 
and treatment offers the potential for enhanced precision. Yet, it is 
improbable that this will achieve the level of diagnostic accuracy 
observed in other medical fields, such as oncology. This limitation 
stems from the complexity and heterogeneity of psychiatric dis-
orders, whose risk is modulated by genetic, environmental, and 
psychosocial factors that vary among individuals.1,4,14,15 Clinical 
evaluation remains vital, complementing biological insights with 
individualized patient assessments.

Clinicians already apply elements of precision psychiatry 
during patient history collection and interviews, gathering clin-
ical details that guide treatment. However, subjective judgment 
and the lack of universal guidelines often lead to inconsistent 
outcomes.16-18

Symptom profiles, such as depression manifesting in diverse 
patterns, complicate treatment matching.19 For example, activat-
ing antidepressants may suit somnolence, while sedative agents 
benefit anxiety-related insomnia.20 However, when the clinician 
combines the many possible symptom profiles with the dozens of 
available drugs, it becomes clear how complex this combination 
pathway is. Surprisingly, there are very few studies and indica-
tions regarding the most appropriate matching of the symptom 
profiles with pharmacodynamic profiles. A small pilot study 
using these symptomatological criteria in identifying antidepres-
sant treatment classes suggests that this approach is particularly 
effective in achieving a relative level of precision psychiatry at the 
clinical level.21 This is a field of investigation that needs further 
development.

In addition, drug tolerability significantly influences adher-
ence, as intolerable side effects lead to discontinuation.22 
Balancing efficacy with tolerability is underdeveloped in clinical 
practice. Additionally, previous treatment responses and family 
history provide predictive value, as relatives’ responses may indi-
cate shared genetic factors.23

The complexity of precision psychiatry is amplified by drug 
interactions, necessitating individualized approaches integrating 
symptomatology, tolerability, and treatment history.24

Therapeutic drug monitoring (TDM) is of potential support 
enabling individualized dosing by quantifying drug concentra-
tions in blood and considering interindividual pharmacokinetic 
variability due to age, disease, drug interactions, and genetic poly-
morphisms.25,26 Many psychiatric and neurologic drugs may show 
over 20-fold interpatient variability in blood concentrations at 
the same dose. Main indications for TDM include non-response 
at standard doses, suspected non-adherence, polypharmacy, 
vulnerable populations (eg, children, elderly, pregnant women), 
and known metabolic abnormalities. Therapeutic drug monitor-
ing is best applied under steady-state conditions and requires 
integration into clinical workflows to avoid misinterpretation. 
Therapeutic drug monitoring is particularly well-supported for 

tricyclic antidepressants, lithium, anticonvulsants, and antipsy-
chotics such as clozapine, but it may also be beneficial for other 
antidepressants.27 However, in specific cases, many other psycho-
tropic drugs may benefit from TDM, and it is usually reported in 
the drug label.

The challenge of applying precision psychiatry in routine clin-
ical settings therefore largely stems from the high complexity 
of managing these numerous interrelated factors.28 Addressing 
this complexity may be feasible with decision-support software 
capable of synthesizing multidimensional data and generating 
probabilistic treatment recommendations. Indeed, recent reports 
suggest that recent large language models may outperform med-
ical diagnostic skills,29 though the large number of available tools 
and their still embryonic development suggest caution.30 However, 
such tools could soon assist clinicians by integrating clinical and 
biological data, enabling them to make evidence-based, individu-
alized treatment decisions consistently and efficiently.31

Neuroimaging Techniques (Magnetic Resonance 
Imaging Functional Magnetic Resonance 
Imaging, Positron Emission Tomography)
Extensive research has explored neuroimaging biomarkers. 
However, although studies reveal differences in brain volumes 
and connectivity across patients and responders, biomarkers 
predictive at the individual level remain scarce, and definitive 
markers guiding tailored psychiatric treatments remain elusive. 
Promising studies identify predictors of treatment response in 
schizophrenia (SCZ) and mood disorders, including structural 
integrity and functional connectivity.32 For example, Drysdale 
and colleagues identified 4 depression subtypes characterized by 
distinct patterns of abnormal functional connectivity and clini-
cal symptom profiles.33 Task-based and resting-state dysfunction 
profiles in major depression (MDD) and anxiety predict responses 
to behavioral and pharmacological interventions.34 In SCZ, gray 
matter volume and functional connectivity have been pro-
posed as predictors of treatment response, including clozapine, 
Transcranial Magnetic Stimulation (TMS), and electroconvulsive 
therapy, though further validation in larger samples is needed.35 
Using cognitive and electrophysiological data, biotype-based 
classification identifies psychotic patient subgroups based on dif-
ferences in brain volumes and neurocognitive measures, achiev-
ing better discrimination than traditional categories, enabling the 
identification of psychotic patient subgroups distinguished by 
differences in brain volumes and neurocognitive measures, and 
achieving greater between-group discrimination than traditional 
diagnostic categories.32,36

The biotype approach has also shown promise in neurologi-
cal disorders. In Parkinson’s disease, biotypes linked to subcor-
tical brain volume differences predict disease progression over 
5 years.37 Similarly, Alzheimer’s disease subtypes identified via  
resting-state functional magnetic resonance imaging (fMRI) cor-
relate with distinct cognitive symptoms and biomarkers, includ-
ing cerebrospinal fluid Aβ1-42 and the ApoE4 genotype.

In MDD, a recent paper reported very promising results.38 A 
precision functional mapping with a longitudinal analysis of indi-
viduals scanned up to 62 times over 1.5 years showed a 2-fold 
expansion in the cortical area occupied by the salience network 
among individuals with depression, that was stable over time, 
unaffected by mood states and present even in children before 
depressive symptoms develop. Further, connectivity changes 
in frontostriatal circuits may predict anhedonia and anxiety 
fluctuations.
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Biomarker identification is also essential for novel treatments. 
A pharmacoBOLD approach proposed ketamine response bio-
markers, showing strong activation in the dorsal anterior cingu-
late cortex and anterior insula with high cross-site consistency.39

Finally, machine learning-based biotype classification offers 
a promising alternative to traditional diagnostic categories and 
may improve patient classification by identifying biotypes over 
traditional diagnostic categories. For instance, a trial using κ- 
opioid receptor antagonism demonstrated increased ventral  
striatum activation during reward anticipation, linking neuroim-
aging biomarkers to clinical outcomes.40

Electroencephalography in Precision Psychiatry
Electroencephalography (EEG) is a noninvasive neurophysiologi-
cal technique that records brain activity with high temporal pre-
cision, making it highly suitable for precision psychiatry. Unlike 
functional neuroimaging methods such as fMRI or positron emis-
sion tomography, EEG is cost-effective, scalable, and can be easily 
applied in research, clinical trials, and clinical settings.41,42 Recent 
advancements in computational analyses, including machine 
learning and network-based approaches, have allowed EEG to 
emerge as a valuable tool for patient stratification, treatment 
prediction, and biomarker discovery in psychiatric disorders such 
as major depressive disorder42 and SCZ.43,44 One well-established 
biomarker in depression seems to be the pretreatment  
resting-state frontal alpha asymmetry. For example, patients with 
depression who responded to fluoxetine exhibited increased EEG 
alpha power and alpha asymmetry, indicating reduced cortical 
activity and greater left hemisphere activity, which may serve as 
predictors of favorable response to selective serotonin reuptake 
inhibitors (SSRI) treatment in major depressive disorder.45 The 
Antidepressant Treatment Response biomarker, a neurophysio-
logic biomarker that predicts antidepressant treatment outcomes 
by analyzing EEG features from the frontal brain regions before 
and after 1 week of treatment, has demonstrated its potential 
in predicting both the likelihood and speed of achieving sus-
tained remission during 13 weeks of escitalopram treatment in 
patients with unipolar major depression.46 In SCZ, EEG mark-
ers such as mismatch negativity (MMN) and P300 event-related 
potentials (ERPs) have been proposed as indicators of cognitive 
dysfunction and disease progression. MMN, a component of the 
auditory ERP, reflects automatic sensory processing deficits and 
has been consistently found to be reduced in SCZ, correlating 
with cognitive impairment and functional outcomes.47 Similarly, 
a reduction in the amplitude of the P300 component has been 
linked to impaired attentional processing and working memory 
deficits in SCZ.48 These findings support the utility of EEG as a 
stratification tool to identify subgroups of patients with distinct 
neurophysiological profiles. More recently, Najafzadeh et al.49 
applied adaptive neuro-fuzzy inference system classification to 
resting-state EEG signals and demonstrated near-perfect accu-
racy in distinguishing SCZ patients from healthy controls. Their 
analysis identified specific EEG features, such as alpha activity in 
the occipital region and theta and delta activity in frontal regions, 
as critical discriminatory markers. Similarly, Kim et al.50 inves-
tigated EEG microstate features and found that they provided 
superior classification accuracy compared to conventional EEG 
features. Electroencephalography-based biomarkers have been 
also investigated as predictors of antipsychotic response, with 
several studies focusing on oscillatory activity, connectivity pat-
terns, and machine learning approaches. A relatively recent sys-
tematic review51highlighted reduced alpha power and increased 

theta activity to be associated with poor treatment response, 
while specific connectivity alterations, particularly in frontotem-
poral regions, may differentiate responders from non-responders. 
Additionally, machine learning models incorporating EEG fea-
tures have shown the potential in predicting treatment outcomes 
with moderate accuracy.51

Protein Biomarkers
Recent advancements in biomarker research highlight the role of 
proteins in precision psychiatry, particularly in neuroplasticity, 
immune responses, and neurotransmission. Although still far 
from clinical utility, examples of proteins such as interleukin (IL)-
2, S100B, and NfL are promising diagnostic and treatment tools.

A recent phase II trial explored low-dose IL-2 as an add-on to 
standard antidepressants in treating major depressive disorder 
and bipolar disorder (BD), providing evidence for this combination 
therapy.52 Interleukin 2 treatment expanded Tregs, Th2, and naïve 
CD4+/CD8 + cells, with early immune shifts predicting depression 
improvement. Patients receiving IL-2 showed sustained symptom 
reduction and a lower relapse risk.53 Interleukin 2 may also sup-
port neuroplasticity, potentially via the PI3K-GSK-3β pathway.54,55 
Immune-modulating approaches, especially targeting T cells, 
could be valuable for MDD and BD, refining treatment selection 
and enhancing personalized care.

Further, 100 calcium-binding protein B (S100B), primarily 
secreted by astrocytes, indicates glial activation and blood-brain 
barrier integrity.56 Elevated S100B levels have been observed in 
SCZ, MDD, BD, autism spectrum disorder, and attention-deficit/
hyperactivity disorder, though findings remain inconsistent.57 
Elevated S100B levels are linked to better responses to antidepres-
sants in MDD.58,59 In SCZ, S100B levels were higher in drug-naïve 
patients, suggesting a link between glial activation and treatment 
effects.60 These findings support S100B as a promising biomarker 
for predicting treatment response, though its neuroprotective 
roles warrant further study.

Neurofilament light chain (NfL), a marker of neuroaxonal inju-
ries,61 has been studied in various psychiatric disorders. Elevated 
NfL levels in psychiatric disorders, such as 1.2 to 2.5 times higher 
than normative values, reflect active biological processes but 
lack specificity for particular diagnoses.62 In SCZ, elevated NfL 
levels correlate with worse outcomes, while decreased NfL post-
treatment does not relate to antipsychotic dosage.63 The potential 
of NfL as a state-dependent biomarker could enhance patient 
stratification and monitoring.64 The strong correlation between 
blood and cerebrospinal fluid measurements65 positions it as a 
promising biomarker in psychiatric practice.

In conclusion, examples of proteins like IL-2, S100B, and NfL, 
hold promise for precision psychiatry, offering insights into 
immune responses, neuroplasticity, and neurodegeneration. With 
further research and advancements in proteomics, these bio-
markers could lead to more tailored and effective treatments in 
clinical practice.

Immunology
It is well documented that chronic inflammation plays a pivotal 
role in the pathogenesis and perpetuation of various mental 
illnesses,66,67 raising the transdiagnostic relevance of the immune 
system in mental illness. It is important to emphasize that this 
concerns a specific group of patients66 rather than all. In particu-
lar, stress-associated psychiatric disorders (for example, anxi-
ety and depression) are associated with systemic inflammation, 
especially with monocytosis, neutrophilia, lymphocytopenia, 
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and an upregulation of proinflammatory processes in peripheral 
areas.68 The current research focus is on inflammatory processes, 
particularly in the context of MDD, SCZ, and BD; however, there is 
still comparatively little knowledge about other diseases.67

Current Immune Markers Across Psychiatric 
Disorders
It is well documented that aberrant cytokine levels occur in 
major psychiatric disorders, including MDD, SCZ, and BD. These 
levels are observed both in the acute phase and in the chronic 
course of the illness. In particular, IL-6, tumor necrosis factor 
alpha, and high-sensitive C-reactive protein levels are elevated 
transdiagnostically66-69 in the acute phases of major psychiatric 
disorders. Furthermore, IL-6 is also elevated transdiagnostically 
in the chronic course of these illnesses. Interleukin-1β appears 
to be transdiagnostically decreased in the acute and chronic 
phases of illness.66,67,69 Interleukin 8 demonstrates disorder-
specific effects, suggesting that it could be employed as a bio-
marker for differential diagnosis and specific treatments. The 
lymphocyte and monocyte system also appear to be crucial in 
pathophysiology. The presence of monocytosis, neutrophilia, and 
lymphocytopenia is characteristic of depressive disorders.68 In 
bipolar samples, there is evidence of imbalanced ratios and an 
altered function of T helper (Th) 1, Th2, Th17 cells, and regulatory 
T cells.68 Additionally, SCZ patients exhibit increased lymphocyte 
and monocyte levels.70

Immunomodulation Induced by Various 
Biological Systems
More recent studies have concentrated on the complement sys-
tem, abnormalities in the blood-brain barrier, and the gut-brain 
axis involving the vagus nerve and the kynurenine pathway 
(KP), particularly in the context of MDD and SCZ.71 The bidirec-
tional gut-brain axis is of particular importance in the context of 
depressive disorders and offers potential for the development of 
new treatments.72,73 It seems that there is a reciprocal interaction 
between stress and the microbiome. The microbiome has also 
been observed to activate the immune response in the gut fol-
lowing stress and may potentially contribute to the development 
of depression-like states. Additionally, there is evidence suggest-
ing an association between the microbiome and other psychiat-
ric disorders, including SCZ, BD, and anxiety disorders.74 In the 
field of BD, Jones et al.75 identified purinergic, mitochondrial, 
inflammatory, immune, kynurenine, and hormonal pathways as 
significant inflammatory mediators in their review. The authors 
describe a dynamic and multi-layered field of research, which 
shows developments in many different directions. While the 
fundamentals have already been investigated to a considerable 
extent, the findings remain heterogeneous, and the translation of 
this knowledge into practice is still in its infancy. Earlier charac-
terization of patients regarding their inflammatory state and spe-
cific interventions that address individual immune abnormalities 
represent promising avenues for therapeutic intervention. It has 
been demonstrated that established forms of treatment, includ-
ing antidepressants, antipsychotics, lithium, and ketamine, exert 
an influence on immunological processes that are pertinent to 
the etiology of mental illness. Additionally, exercise and dietary 
modifications have been identified as promising interventions. 
Further research is required in the area of nutritional supple-
ments in order to make reliable recommendations.

The current evidence base on specific immunomodulatory 
substances does not yet allow for any specific recommendations 

to be made in clinical practice. However, in the context of depres-
sion, Simon et al.76proposed that celecoxib should be given prec-
edence over minocycline and omega-3 fatty acids. As a caution, 
they also emphasize that no definitive clinical recommendation 
can yet be made. Xu et al.77 proposed the concomitant admin-
istration of N-acetylcysteine (NAC) for the treatment of BD. 
Furthermore, Fond et al.78 recommend NAC and polyunsaturated 
fatty acids for treating SCZ.

Taken together, more and more immune signatures across the 
adaptive and innate immune system have been discovered in the 
recent past which points to an immunological underpinning of 
major psychiatric disorders in a transdiagnostic way. Moreover, 
treatments have been investigated for clinical usefulness in 
terms of efficacy and safety with much development underway 
in clinical studies. Both markers of the immune system and 
treatments targeting the immune system are suggestive that 
immune targets and biomarkers could play a role in Personalized 
Psychiatry. Patients with such immune signatures and suitability 
for immune-targeting treatments could present a subgroup that 
may be identified for such personalized treatment approaches.

The Kynurenine Pathway of Tryptophan 
Metabolism
The KP is a key metabolic route of tryptophan degradation linked 
to the pathophysiology of various psychiatric disorders.79,80 We 
have previously discussed the intricate roles of stress and inflam-
mation in the pathophysiology of various psychiatric disorders, 
highlighting their significant contributions to clinical symptoms, 
manifestations, and neuropsychopharmacology. In this context, 
KP metabolites emerge as pivotal intermediaries at the intersec-
tion of these critical factors.79,80 Dysregulation of the KP, which 
encompasses the metabolism of tryptophan to kynurenine and 
its downstream metabolites, has been implicated in the modu-
lation of neuroinflammation and stress response. Kynurenine 
pathway metabolites, including kynurenine, kynurenic acid, and 
quinolinic acid, influence neuroinflammation, neurotransmitter 
systems, and neuronal excitability.79-81 Dysregulated KP activity 
reflects inflammatory and stress-related processes, contributing 
to psychiatric symptoms and offering potential biomarkers for 
disease severity and treatment response, thereby enhancing the 
precision of personalized interventions.

A meta-analysis revealed altered KP metabolites across 
MDD, BD, and SCZ, including reduced tryptophan, elevated  
kynurenine-to-tryptophan ratios, and distinct metabolite pat-
terns.82 Mood disorders show reduced kynurenic acid, while SCZ 
displays unchanged peripheral kynurenic and quinolinic acid 
levels.82 Notably, the potential influence of demographic factors, 
such as age and sex, particularly in BD, on KP metabolites, was 
highlighted. Given the significant heterogeneity in the data, future 
research should focus on identifying sub-populations more sus-
ceptible to alterations in the KP, paving the way for precision med-
icine approaches in the treatment of these mental disorders. In 
an exploratory study in BD, higher kynurenine and quinolinic acid 
levels correlate with poor lithium response as measured by the 
Alda scale,83 and in MDD, reduced kynurenic acid predicts better 
escitalopram response.84 These findings underscore the relevance 
of KP metabolites, particularly KYNA, in personalized treatment.

In SCZ, treatment-resistant cases exhibited heightened KP 
activity compared to first-line responders. The kynurenic acid/
quinolinic acid ratio correlated with symptom severity in first-
line responders but not in treatment-resistant cases, suggest-
ing intrinsic NMDA receptor dysfunction in the latter group, 
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potentially addressed by clozapine.85 This indicates the potential 
of KP metabolites as biomarkers for SCZ treatment response, pro-
moting the need for SCZ classification based on biological pro-
files. Such biomarker-driven classification could guide targeted 
treatments and help refine the pharmacological approaches 
for personalized management in SCZ, particularly for the  
treatment-resistant form, where NMDA receptor-targeted thera-
pies may hold promise.

Kynurenine pathway dysregulation also plays a role in comor-
bidities like aggression, suicidal behaviors, cognitive impair-
ments, pain, and metabolic disturbances, as explored in other 
reviews.79,80,86-90

Emerging evidence highlights the influence of gut microbiota 
on the KP, with significant implications for mood and behav-
ior.86,91 Altered microbiota profiles in SCZ correlate with dis-
ruptions in gamma aminobutyric acid (GABA) and tryptophan 
metabolism, linking these changes to clinical symptoms and 
cognitive impairments.92 Gut microbiota diversity also predicts 
treatment response in depression, emphasizing the interplay 
between inflammation, microbiota, and the KP in shaping psychi-
atric outcomes.93,94 Understanding these dynamics could inform 
novel interventions, including microbiota-targeted therapies and 
psychedelics, although the evidence is still limited.86

Circadian Rhythms
The circadian system regulates critical biological processes, 
including the sleep-wake cycle, hormone secretion, and brain 
activity, all influencing mood and behavior.95-98 Sleep-circadian 
disturbances are common across psychiatric disorders, suggest-
ing circadian dysregulation as a transdiagnostic phenomenon and 
a predictor of psychopathology.98-104 For instance, circadian distur-
bances in youth seeking early intervention predict progression to 
mood, anxiety, or psychotic disorders.105 In BD, eveningness pref-
erence and disrupted social rhythms characterize at-risk individ-
uals and those with early-stage illness, with preexisting circadian 
disturbances increasing the risk of BD onset by 40%.101,106 On the 
other hand, these findings offer tentative support for views that 
circadian dysrhythmias may play a role in the development of BD 
and act as triggers for mood episodes.96,107 However, the relation-
ship between circadian disruptions and mood disorders remains 
unclear. It is uncertain whether circadian disruptions predispose 
individuals to mood disorders, arise due to them, or share under-
lying physiological mechanisms.98,99

The circadian system is increasingly recognized as a key tar-
get for personalized treatments in mood disorders, with evidence 
linking circadian dysfunction to poor clinical outcomes, includ-
ing heightened depressive severity and misaligned rhythms.102,108 
Evening chronotype, in particular, has been associated with worse 
symptom severity, suicidality, and treatment resistance in MDD, 
as well as more severe clinical features and comorbidities in 
BD.109-111

Sleep disturbances in BD are pervasive including insomnia, 
hypersomnia, reduced need for sleep, and irregular sleep sched-
ules.112,113 Circadian rhythm dysfunctions, such as irregular sleep-
wake cycles, eveningness chronotype, and abnormal melatonin 
secretion, are prominent in BD and may serve as state and trait 
markers.106,107 These disruptions are linked to poorer quality of 
life, heightened suicide risk, and impaired cognitive function.114 
Manic states are associated with circadian abnormalities, includ-
ing advanced circadian phases and increased melatonin secre-
tion.115,116 Notably, circadian activity rhythms correlate with mood 
episode relapses.107,117,118 Poor sleep quality and disturbances 

during euthymia predict worse residual symptoms and earlier 
mood episode recurrence, even after adjusting for baseline mood 
symptoms.119 Clinically, individuals with an evening chronotype 
exhibit more severe symptoms, earlier onset, and more comor-
bidities, including anxiety and substance use disorders, as well 
as increased rapid cycling and prior suicide attempts.104,120 An 
18-month prospective study of euthymic BD patients linked 
evening chronotype to worse anxiety and increased mood epi-
sodes, suggesting a poor prognosis.106 Evening chronotype is also 
associated with disordered eating behaviors, including binge eat-
ing, bulimia, nocturnal eating, and unhealthy dietary patterns, 
alongside higher body mass index (BMI) and lower scores on 
healthy eating scales.121 This indicates the role of circadian dys-
function in dietary behaviors observed in BD. Additionally, the 
evening chronotype correlates with higher rates of hypertension, 
migraine, asthma, and obstructive sleep apnea.120

Circadian rhythm dysfunctions may predict mood disorders 
and episode relapses. Treatments targeting sleep disturbances and 
circadian rhythm dysfunction—combined with pharmacological, 
psychosocial, and chronobiological approaches—effectively pre-
vent relapse.122 The molecular circadian clock, regulating sleep-
wake cycles, is often dysfunctional in mood disorders. Genetic 
polymorphisms in circadian genes influence susceptibility and 
treatment responses. Lithium, a circadian synchronizer, shows 
greater efficacy in BD patients with morning chronotypes and 
may shift circadian phases.106,123-125 Many mood stabilizers affect 
circadian rhythms, with phase-advancing interventions poten-
tially benefiting bipolar depression and phase-delaying effects 
alleviating mania, though evidence in humans is limited.126 
Advancements in neuroimaging and computational approaches 
are identifying subtypes of sleep impairment and brain circuit 
dysfunctions, enabling personalized interventions. Disrupted net-
works, such as the default mode and negative affective networks, 
provide potential targets.3 Pharmacological treatments like orexin 
antagonists and melatonergic agonists, alongside chronothera-
peutic approaches—including bright light therapy, dark therapy, 
sleep deprivation strategies, and behavioral interventions like 
cognitive behavioral therapy for insomnia tailored to bipolar dis-
orders and interpersonal social rhythm therapy—are extensively 
used.127 Emerging therapies addressing inflammation, the gut-
brain axis, antioxidants, the hypothalamic-pituitary-adrenal axis 
(HPA) axis, and synaptic modulation offer new potential for man-
aging the interplay of sleep, circadian rhythms, and mood dis-
orders.128 Digital phenotyping and wearable technologies further 
enhance the precision of interventions.3 Future research should 
evaluate the circadian effects of medications, refine treatment 
subtypes, and integrate chronobiology into study designs to max-
imize translational impact.

Genomics
The advent of genome-wide analysis (GWAS) has significantly 
changed the landscape of diagnosis and treatment of psychiat-
ric disorders.129 Genome-wide analysis studies provide insights 
under the common disease-common variant framework by iden-
tifying single nucleotide polymorphisms (SNPs) associated with 
traits (eg, diagnosis, treatment response, psychometric meas-
ures). Although associated SNPs may not be direct risk variants, 
instead, in linkage disequilibrium with them, GWAS highlights 
genomic regions essential for refining the genetic architecture.129 
These studies have confirmed the polygenicity of psychiatric 
disorders, revealed pleiotropy (where one gene influences mul-
tiple traits), and facilitated risk stratification using polygenic risk 
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scores (PRS).2,130 Despite gaps in integrating genetic findings into 
neurobiological,2 genomic data inform prediction tools for preci-
sion psychiatry, particularly in multimodal modeling.131 Genomic 

data integration is becoming increasingly valuable in precision 
psychiatry, particularly in diagnostic processes, risk prediction, 
and treatment response.

Table 1.  Selected biomarkers and their potential applications in precision psychiatry.

Domain Potential biomarkers Application in precision psychiatry

Neuroimaging MRI, fMRI, PET parameters Identifies structural and functional 
abnormalities, predicts treatment response, 
and aids patient stratification.

Neurophysiology EEG Transdiagnostic outcome predictors and 
classification biomarkers.

Protein biomarkers IL-2, S100B, NfL Tracks neuroinflammation, glial activation, 
and neuroaxonal injury; monitors treatment 
effects and prognosis.

Genetics GWAS, polygenic scores, SNPs Predicts susceptibility, aids diagnosis, and 
guides pharmacogenomics-based treatment 
selection.

Epigenetics DNA methylation, histone modifications, non-coding 
RNAs

Explores gene-environment interactions, stress 
responses, and susceptibility to mood and 
sleep disturbances.

Circadian rhythms Chronotypes, melatonin, sleep-wake patterns Targets circadian disruptions for mood 
stabilization, relapse prevention, and 
treatment timing optimization.

Kynurenine pathway Kynurenic acid, quinolinic acid, and other tryptophan 
metabolites

Biomarkers for inflammation, neurotransmitter 
imbalance, stress response, and treatment 
resistance.

Gut-brain axis Microbiome profiles, metabolomics, gut-derived 
neuroactive compounds

Links gut microbiota to inflammation, mood 
regulation, and psychiatric symptomatology; 
explores probiotic therapy.

Clinical symptomatology Symptom-based clustering, drug tolerability profiles Matches treatment options with individual 
profiles, improving precision in 
pharmacological and psychotherapeutic care.

Digital phenotyping Continuous monitoring of daily activity, mood, 
and physiological parameters via wearables or 
smartphone-based apps

Captures real-time behavioral data, improves 
phenotyping, and monitors treatment 
response dynamically.

Abbreviations: EEG, electroencephalography; fMRI, functional magnetic resonance imaging; GWAS, genome-wide analysis; PET, positron emission tomography; 
SNPs, single nucleotide polymorphisms.

Figure 1.  Integrated framework for precision psychiatry across key domains. This conceptual diagram illustrates the multifaceted approach to 
precision psychiatry, highlighting the six main domains that contribute to personalized treatment strategies. Clinical features (pink), biological 
markers (blue) including neurophysiology, protein biomarkers, and immunology, metabolic pathways (green), circadian rhythms (orange), and 
genomics (purple) all converge in an integrative analysis that informs personalized treatment decisions. These treatment recommendations can be 
categorized into medication selection, treatment strategy, risk prediction, and monitoring plans.

D
ow

nloaded from
 https://academ

ic.oup.com
/ijnp/article/28/5/pyaf025/8116766 by guest on 30 July 2025



International Journal of Neuropsychopharmacology, Vol. 28, Issue 5  |  7

Although clinical utility remains limited,132 genomic research 
is beginning to influence psychiatric diagnostics.133 Polygenic risk 
scores are particularly useful for stratifying individuals based on 
their genetic risk of developing psychiatric disorders. Still, they 
are more effective when incorporated into multimodal models 
that consider other risk factors.134 Recent studies suggest that 
psychiatric disorders may be classified using genomic data.135 
Specifically, this systematic review found strong correlations 
(88.6%) between disorders based on SNPs, gene expression, and 
neuroimaging, with a significant portion of diagnostic overlap 
attributed to genomic factors.135 Another study using data from 
a large Danish population cohort from the Integrative Psychiatric 
Research Consortium predicted psychiatric diagnoses with good 
accuracy, especially for severe disorders like SCZ.136 Additionally, 
genetic associations between psychotic disorders and cannabis 
use have been explored, revealing that PRS for cannabis pheno-
types improved predictions for psychotic disorders.137

Regarding treatment response, traits related to pharmacolog-
ical responses, such as lithium response, are heritable and poly-
genic.138 Genome-wide analysis has identified association signals 
linked to favorable lithium response,139-141 and analyses suggest 
that PRS for SCZ and MDD are linked to poorer lithium response.142 
Genomic data have also been used to classify patients with BD as 
responders or non-responders to lithium, with promising results 
when restricting analysis to a prospectively followed cohort.143 
However, genomic data were not able to reliably distinguish 
clinical examples of lithium responders and non-responders.144 
Promising results have been reported also for MDD145 and SCZ.146

In high-risk populations, PRS for BD were found to be elevated 
in youth with BD,147 and applying this PRS to a validated risk cal-
culator improved diagnostic performance in a high-risk cohort.148

The use of cytochrome P450 (CYP) gene variants, particularly 
CYP2D6, CYP2D19, and CYP3A4/5, is probably the most estab-
lished genetic tool for optimizing pharmacotherapy within preci-
sion psychiatry. These enzymes are responsible for metabolizing 
a substantial proportion of psychotropic drugs, with CYP2D6 
and CYP2D19 playing a central role in the metabolism of sev-
eral antipsychotics and antidepressants. Genetic polymorphisms 
can lead to wide interindividual variability in metabolic activity, 
ranging from poor to ultrarapid metabolizers, thereby impact-
ing plasma drug levels, therapeutic response, and side-effect 
profiles.25 The food and drug administration (FDA) and euro-
pean medicines agency (EMA) have integrated pharmacogenetic 
information into drug labels for many psychotropics, though for-
mal requirements for testing remain limited.149,150 CYP2D6 gen-
otyping is especially relevant when dose-dependent toxicity is 
a concern, as in the case of pimozide, where testing is required 
above specific dose thresholds. However, the clinical utility of 
genotyping is complicated by phenoconversion, when enzyme 
activity is altered by co-administered drugs, potentially over-
riding genetic predictions.26 Additionally, other genes like NFIB 
have been shown to modulate CYP2D6 expression and influence 
drug metabolism independently of genotype.151 While CYP3A4 
and CYP3A5 also contribute to the metabolism of antipsychot-
ics such as quetiapine and loxapine, their functional impact is 
often modulated by environmental factors and less directly 
linked to actionable genotype information. The major guidelines 
(Clinical Pharmacogenetics Implementation Consortium, Dutch 
Pharmacogenetics Working Group) offer pharmacogenetic-
informed dosing recommendations, but widespread imple-
mentation in psychiatry is hampered by limited evidence on 
clinical outcomes and cost-effectiveness.152-154 Overall, CYP geno-

typing provides valuable pharmacokinetic insight, particularly in  
difficult-to-treat patients, but should be interpreted in conjunc-
tion with TDM and clinical assessment to ensure optimal, indi-
vidualized treatment decisions25

In summary, advancing genomic approaches for diagnostic 
and predictive purposes in psychiatry is promising, pointing to 
clinical implementation of precision psychiatry, similar to other 
fields of medicine.155

CONCLUSIONS
This review provides an integrated overview of precision psy-
chiatry, illustrating advancements across multiple domains and 
offering examples from various fields. This aligns with the grow-
ing initiatives of collaborative research, such as the CINP GNC 
Precision Psychiatry, to drive the field forward. The evidence 
presented (Table 1) underscores the complexity of psychiat-
ric disorders and highlights progress in clinical phenotyping, 
symptom-based approaches, neuroimaging, protein biomark-
ers, immunological markers, genomic analyses, gut microbiome 
interactions, and circadian rhythm assessments. Each area con-
tributes valuable insights for more accurate prediction, preven-
tion, and intervention strategies.

A key message emerging from the review is that no single 
marker or modality can fully capture the intricate nature of psy-
chiatric conditions. Instead, a multidisciplinary and multimodal 
approach is essential (Figure 1). For instance, neuroimaging stud-
ies have revealed potential biotypes and subgroups of patients 
with distinct brain structure and connectivity patterns, which 
challenge traditional diagnostic categories and suggest that  
circuit-based phenotypes could predict treatment responses to 
interventions such as TMS or novel therapies. Although some 
challenges are still present, including standardization of pro-
tocols, replication of findings across diverse populations, and 
integration with multimodal data, EEG biomarkers represent 
one promising tool for moving precision psychiatry into clinical 
practice. In particular, alterations in oscillatory activity and con-
nectivity, such as reduced alpha power and increased theta activ-
ity, have been linked to poor treatment response, while machine 
learning approaches incorporating EEG features have shown 
improved potential in predicting clinical outcomes.

Similarly, research into protein biomarkers like IL-2, S100B, 
and NfL highlights the potential of molecular signals for guiding 
treatment selection and prognosis. While these protein markers 
have not yet achieved widespread clinical utility, further valida-
tion could enable their integration with clinical data to inform 
treatment decisions.

Additionally, immune processes and dysregulated metabolic 
pathways, such as the KP, deepen our understanding of the bio-
logical dynamics underlying psychiatric disorders. Immune-
based treatments, such as those targeting IL-2, indicate the 
feasibility of addressing specific inflammatory processes. At the 
same time, alterations in tryptophan metabolites highlight how 
neuroinflammation and excitatory-inhibitory imbalances may 
influence treatment outcomes. These findings show the need to 
move beyond traditional neurotransmitter-based hypotheses.

Circadian rhythm disturbances and sleep impairments add 
another layer to this complex picture. Their transdiagnostic 
nature and association with treatment response suggest that 
interventions like light therapy, chronotherapy, and tailored phar-
macological agents could effectively complement the manage-
ment of mood disorders.
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Genomic insights, driven by large-scale genome-wide associ-
ation studies, are revealing the polygenic and pleiotropic nature 
of psychiatric disorders. Although genomic data are primarily 
a research tool, they have significant potential to improve risk 
stratification, inform pharmacological choices, and eventually 
contribute to refined diagnostic classifications when combined 
with other biomarkers and environmental factors.

Precision psychiatry does not represent a single breakthrough but 
rather a convergence of multiple research fields.2-4,31,131,156-160 However, 
reliance on biomarkers only may be misleading in specific cases.161 
By integrating clinical features, neuroimaging, proteomics, immu-
nology, microbiome research, chronobiology, and genomics into a 
comprehensive analytic framework, and by leveraging advances in 
computational modeling and machine learning, precision psychiatry 
is poised to transform clinical practice. While numerous challenges 
remain, including replication, scalability, ethical considerations, and 
patient acceptability, the progress offers an encouraging perspective 
for improving routine clinical care.
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