
 
 

 
Genetics and Molecular Research 25 (2): 2026                                                      1 

THE ROLE OF MOLECULAR BIOMARKERS IN PREDICTING 

THE EFFECTIVENESS OF PSYCHOTHERAPY IN ANXIETY 

AND DEPRESSIVE DISORDERS 
 

Fatima Aslanovna Dobrieva1, Khava Akhmedovna Chemurzieva2, Amina Khizrievna Gasanova3, Amina 

Shukretovna Davudova4, Mariam Magomedovna Kuruglieva5, Anastasia Alexandrovna Rogachyova6, Mikhail 

Igorevich Sviridov7, Armen Alexandrovich Grigoryants8 

 
1Student, Ingush State University, Magas, Russian Federation, E-Mail: F.Dobrieva@Mail.Ru 
2Student, Ingush State University, Magas, Russian Federation, E-Mail: Khava.Chemurziyeva@Mail.Ru 
3Student, Dagestan State Medical University, Makhachkala, Russian Federation, E-Mail: Gasanovaaminah@Gmail.Com 
4Student, Dagestan State Medical University, Makhachkala, Russian Federation, E-Mail: Amina.Dag68@Gmail.Com 
5Student, Tbilisi State Medical University, Tbilisi, Georgia, E-Mail: Kurugliyevam@Gmail.Com 
6Student, Pirogov Russian National Research Medical University, Moscow, Russian Federation, E-Mail: Unfeling8@Bk.Ru 
7Student, Pirogov Russian National Research Medical University, Moscow, Russian Federation, E-Mail: Sviridov-Mi1.3@Yandex.Ru 
8Candidate Of Medical Sciences, Associate Professor Of The Department Of Obstetrics And Gynecology No. 2, Stavropol State Medical University, 

Stavropol, Russian Federation, E-Mail: Mr.Vanhelsink@Mail.Ru, Orcid: 0000-0002-9333-2578 

 

ABSTRACT 

The review analyzes the role of molecular biomarkers in predicting the effectiveness of psychotherapy in anxiety and 

depressive disorders, with an emphasis on neurotrophic, inflammatory, neurotransmitter, and genetic-epigenetic 

predictors. The presented data demonstrate that the variability of biological systems, from neuroplasticity to immune 

activity, determines individual differences in therapeutic response and can serve as the basis for a personalized choice of 

psychotherapeutic strategies. Special attention is paid to multiomic approaches and extracellular vesicles as promising 

sources of highly informative biomarkers capable of improving the accuracy of clinical prognosis. The systematization 

of the results of modern research makes it possible to form a conceptual model of precision psychotherapy that combines 

data from various biological levels. The generalizations obtained can be useful to specialists focused on the introduction 

of biomarkers into the practice of mental health, as well as to researchers engaged in the development of new tools for 

personalized treatment. 
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INTRODUCTION 

Anxiety disorders are considered today as one of the most common mental disorders that accompany a person throughout 

life, and are formed mainly in childhood or adolescence, which is confirmed by data from foreign epidemiological studies 

[1]. Their high prevalence is reflected in the lifelong risk, which reaches about a third of the population, as well as in a 

significant level of functional disorders and a decrease in the quality of life in both adults and children. According to 

estimates of the global burden of disease, anxiety disorders are among the leading causes of disability, and in Russia there 

is a steady increase in the incidence of anxiety-depressive symptoms, which indicates an increased socio-psychological 

significance of this group of conditions [2-6]. Despite the variety of available treatments, including pharmacotherapy and 

psychotherapy, approximately half of adults and a significant proportion of children do not show clinically significant 

improvement, which turns the selection of an effective intervention into a trial-and-error process. The lack of tools for 

predicting the response to psychotherapy makes treatment lengthy, insufficiently predictable, and costly, which 

underscores the need to find objective indicators of the effectiveness of the intervention even before it begins. 

In this regard, the study of molecular biomarkers - inflammatory, neurotrophic, neurotransmitter and endocrine 

parameters - is of particular relevance, which are potentially able to reflect the individual reactivity of the patient and 

predict the likelihood of a response to psychotherapeutic strategies, including cognitive behavioral therapy [7-10]. The 

development of precision psychiatry involves a transition from universal treatment regimens to personalized models 

where the choice of psychotherapy can be based on objective biological signatures [8-15]. Given the variety of potential 

biomarkers and the significant variability in patient response, the purpose of this review is to systematize current data on 

molecular predictors of the effectiveness of psychotherapy in anxiety and depressive disorders and assess their potential 

for improving clinical decisions. Thus, the research is aimed at identifying those biological indicators that can become 

the basis for the development of accurate, reproducible and clinically significant models for predicting therapeutic 

response. 

Biological basis of anxiety and depressive disorders: dysfunctions of neural and neuroendocrine systems 

The modern understanding of anxiety and depressive disorders requires an analysis of their biological foundations, since 

it is neural and neuroendocrine disorders that form the foundation of these conditions. Beckman et al. [14] have shown 
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that dysregulation of monoaminergic systems can trigger depressive-like behavior, emphasizing the primacy of 

neurochemical imbalance. The work of Brennan and colleagues [16] revealed that changes in GABA levels in the anterior 

cingulate cortex determine the effectiveness of the antidepressant response, demonstrating the importance of inhibitory 

neural circuits. Research by Burkhouse et al. [17] indicate that atypical activation of cortical structures during threat 

perception is a key link in the pathogenesis of anxiety disorders. Since these processes affect the fundamental mechanisms 

of neuroplasticity, stress response, and regulation of neurotransmitters, it is their dysfunction that forms the basis for the 

search for molecular and neuroimaging biomarkers. Such a pathophysiological analysis makes it possible to identify 

specific signaling pathways through which early detection of disorders is possible even before clinical manifestation. 

Taken together, these data confirm the need to develop biomarkers that can improve diagnostic accuracy and provide 

personalized treatment choices. 

 

Molecular biomarkers as tools of precision psychotherapy: conceptual approaches and classification 

Modern research demonstrates that precision psychotherapy is made possible by the systematic use of molecular 

biomarkers that reflect the dysfunctions of key neurobiological networks and make it possible to differentiate the 

mechanisms of depressive and anxiety disorders at the level of individual patterns [1, 7]. Among the most informative 

markers are neurotransmitter indicators (serotonergic and dopaminergic activity), which, according to S.O. Ovchinnikov 

and D.S. Kasatkina [3], correlate with the severity of clinical symptoms and the patient's ability to respond to 

psychotherapeutic interventions. Equally important are neurotrophic factors, primarily BDNF, the variability of which, 

as noted by T.I. Vazagaeva et al. [6], is closely related to the plasticity of neural networks and determines the potential of 

psychotherapy to influence the processes of restructuring emotional and cognitive circuits. An important contribution to 

the typology of biomarkers is made by inflammatory and hormonal parameters — interleukins, cytokines, cortisol, 

markers of endothelial dysfunction - which, as Vorobyeva and Fateeva point out [4], serve as indicators of an unfavorable 

prognosis and a decrease in the likelihood of a sustained therapeutic response. Finally, the genetic and epigenetic 

biomarkers described by Zobin [2] form the basis for the classification of biological subtypes of depressive disorders, 

which opens the way to the development of algorithms for stratified psychotherapy and allows the integration of data 

from all five systems into a comprehensive biomarker panel (Table 1). 

 

Table 1: Molecular biomarkers in precision psychotherapy 

Type of biomarkers Basic mechanisms Key sources Clinical significance 

Neurotransmitters 

(serotonin, dopamine, 

norepinephrine, GABA) 

Regulation of emotional 

reactivity, motivation, and 

cognitive processes 

Ovchinnikov & 

Kasatkin [3]; 

Beckman et al. [14] 

Prognosis of the response to 

psychotherapy; identification of the 

risk of therapeutic resistance 

Neurotrophic (BDNF, 

NGF, GDNF) 

Neuroplasticity and the 

formation of stable 

changes in neural 

networks 

Vazagaeva et al. [6] Assessment of the potential of 

psychotherapeutic effects; 

monitoring of treatment dynamics 

Inflammatory (IL 6, 

CRP, TNF α) 

Systemic inflammation, 

effects on mood and 

cognitive functions 

Bradley et al. [18] Determination of depression 

subtypes; prognosis of therapy 

effectiveness 

Hormonal (cortisol, 

ACTH, DHEA, TSH) 

Stress reactivity, 

regulation of the HPA axis 

Gratch [19] Predicting the effectiveness of 

psychotherapy and the risk of 

chronicling 

Genetic and epigenetic 

markers 

Polymorphisms, DNA 

methylation, gene 

expression 

Zobin [2]; Dunn et 

al. [20] 

Stratification of patients; selection 

of personalized psychotherapy 

Note: IL — interleukin; CRP — C-reactive protein; TNFa — tumor necrosis factor alpha; GF — growth factors; BDNF 

— neurotrophic factor derived from the brain; VEGF — vascular endothelial growth factor; NGF — nerve growth factor; 

GDNF — neurotrophic factor derived from glial cells; IGF-1 — insulin-like growth factor-1; 5—HT - serotonin (5—

hydroxytryptamine); NA — norepinephrine; DA — dopamine; GABA - γ—aminobutyric acid; ACTH — 

adrenocorticotropic hormone; CRH - corticotropin-releasing hormone; TSH — thyroid—stimulating hormone; GWAS - 

genome-wide association study; PET — positron emission tomography; HPA — hypothalamic-pituitary-adrenal axis. 

 

Thus, the molecular biomarkers presented in the table demonstrate that predictors of response to psychotherapy are formed 

at the intersection of neurochemical, immune, hormonal, and genetic processes, which enhances the importance of a 

comprehensive biomarker assessment. Turning to the analysis of individual subsystems, inflammatory markers deserve 

special attention, since they are the ones most consistently associated with variations in therapeutic response and the 

stability of clinical outcomes. 

 

Inflammatory markers (IL-6, TNF-α, CRP) as predictors of the effectiveness of psychotherapy 

In recent years, research has increasingly shown that inflammatory markers, primarily IL-6, TNF-α, and CRP, play an 

essential role in the pathophysiology of depression and can serve as indicators of individual differences in the course of 

the disease [19]. The accumulated data demonstrate that elevated levels of these cytokines are associated with more severe 

symptoms, decreased neuroplasticity, and impaired emotional regulation. At the same time, there is a growing number of 
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studies indicating the prognostic value of inflammatory markers for the effectiveness of psychotherapy, since their 

increased concentration often predicts a weak or delayed therapeutic response [21-25]. A dynamic decrease in IL-6 and 

CRP during treatment, on the contrary, correlates with an improvement in mental state, which highlights their potential 

as objective response indicators [26-28]. These observations form the basis for the transition to the consideration of 

neurotrophic factors such as BDNF and GDNF, which reflect the plasticity of the brain and have their own predictive 

value for the psychotherapeutic response. 

 

Neurotrophic factors (BDNF, GDNF) and their prognostic significance for the psychotherapeutic response 

Neurotrophic factors, primarily BDNF and GDNF, are considered as key biomarkers reflecting the brain's ability to 

plasticity, the mechanism underlying successful psychotherapeutic change [29-32]. Studies consistently demonstrate that 

higher or increasing levels of BDNF during treatment are associated with a better response to cognitive behavioral 

therapy, as enhanced neuroplasticity facilitates the formation of new cognitive and emotional patterns [33-36]. Similarly, 

changes in GDNF expression are associated with the restoration of neural networks involved in mood regulation, which 

allows us to consider this factor as an additional indicator of therapeutic susceptibility [37]. Therefore, the dynamics of 

neurotrophic markers can serve as a predictive tool for assessing the likelihood of effective psychotherapy and choosing 

personalized intervention strategies [39]. Given the growing evidence base, neurotrophic factors are becoming an 

important link in understanding why some patients show marked therapeutic progress, while others remain resistant [40]. 

This logic naturally leads to the consideration of genetic and epigenetic predictors of psychotherapeutic response, which 

allow us to further explain the interindividual differences in response to treatment. 

 

Genetic and epigenetic predictors of response to psychotherapy: current achievements and limitations 

Current research demonstrates that variations in genes regulating neuroplasticity and serotonergic transmission can 

significantly affect the degree of clinical improvement when using cognitive behavioral therapy and other 

psychotherapeutic methods. Data on polymorphisms SLC6A4, BDNF, and HTR2A, summarized in the works of 

Kashchenko et al. [1], Zobin [2], and Dunn et al. [20] indicate that genetic features form individual sensitivity to 

psychotherapeutic effects, although the reproducibility of such effects remains incomplete. Epigenetic changes, including 

the levels of methylation of the BDNF and SLC6A4 promoter zones described by Ovchinnikov and Kasatkin [3], confirm 

that psychotherapy is able to modify the expression of key genes associated with the regulation of emotions and stress 

reactivity, which makes the patient's molecular profile a potential predictor of a sustained therapeutic response. Despite 

the growing body of data on the association of SNPs and the dynamics of epigenetic markers with clinical outcomes, 

numerous limitations — variability of samples, heterogeneity of psychotherapeutic protocols, lack of standardized 

biomolecular panels — prevent the introduction of these findings into routine practice [41-45]. Thus, the analysis of 

genetic and epigenetic predictors is a promising area of precision psychotherapy, and the SNP variants studied in the 

studies and their potential predictive value are systematized in Table 2. 

 

Table 2: Genetic and epigenetic predictors of response to psychotherapy in depressive disorders 

The gene / 

marker 

SNP / 

epigenetic 

modification 

Biological function Predictive value Sources 

BDNF of RS6265 

(Val66Met) 

Regulation of 

neuroplasticity and synaptic 

growth 

The Met allele is 

associated with a reduced 

response to CBT and 

lower plasticity 

Vazagaeva et al., 

2019; Dunn et al., 

[20] 

SLC6A4 5 HTTLPR / 

RS25531 

Serotonin transporter, 

regulation of serotonergic 

transmission 

. The s allele reduces the 

response to 

psychotherapy and 

increases stress reactivity 

Kashchenko et al., 

[1]; Ovchinnikov & 

Kasatkin [3] 

HTR2A RS6311 / 

RS6313 / 

RS7997012 

Serotonin 5 HT2A 

receptors, regulation of 

emotions and cognitive 

flexibility 

Associations with the 

CBT response are 

confirmed, but differ 

between samples. 

Jaggar & Vaidya, 

[32]; Ilchibaeva et 

al., [33] 

Epigenetic 

modifications 

of BDNF 

Methylation of 

the BDNF 

promoter zone 

Changes in BDNF 

expression, effects on stress 

resistance 

A decrease in 

methylation after CBT 

predicts stable remission 

Zobin [2] 

Epigenetic 

changes in 

SLC6A4 

Methylation of 

CpG islands of 

SLC6A4 

Regulation of serotonin 

transport 

High methylation is 

associated with a worse 

response to therapy 

Brennan et al., [16] 

Note: SNP is a single nucleotide polymorphism; BDNF is a neurotrophic factor derived from the brain; GDNF is a 

neurotrophic factor derived from glial cells; SLC6A4 is a serotonin transporter gene; HTR2A is a serotonin type 2A 

receptor gene; 5-HTTLPR - serotonin-transporter-linked polymorphic region, a polymorphic region associated with the 

transporter gene serotonin; rs25531 is a single nucleotide polymorphism in the promoter region of the SLC6A4 gene that 

modifies the functional variants of 5-HTTLPR; rs6265 (Val66Met) is a functional polymorphism of the BDNF gene that 

causes the amino acid valine → methionine to be replaced in the encoded protein; rs6311 / rs6313 / rs7997012 is a SNP 
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of the HTR2A gene encoding type 2A serotonin receptor; 5-HT2A — 5-hydroxytryptamine receptor 2A, serotonin 

receptor 2A. 

 

The presented data demonstrate that genetic and epigenetic markers can serve as important components of prognostic 

models, making it possible to more accurately determine the likelihood of successful psychotherapeutic intervention. This 

creates the basis for the transition to the analysis of promising areas, including the role of extracellular vesicles, 

multiomics and integrative predictive models that can bring personalized psychotherapy to a new level. 

 

Promising areas: extracellular vesicles (EV), multimics, and integrative models for predicting treatment response 

A promising direction in the development of precision psychotherapy is the use of extracellular vesicles (EV) as carriers 

of informative molecular signals capable of reflecting the dynamics of neuroinflammation, neuroplasticity, and metabolic 

disorders in depressive and anxiety disorders, which is confirmed by data on the diagnostic value of EV-associated RNAs 

and proteins [1, 7]. Their molecular "cargo" — microRNAs, mRNAs, proteins, lipids, and metabolites — is characterized 

by high sensitivity to psychopathological processes and can serve as a basis for creating noninvasive biomarker panels 

that complement traditional laboratory parameters [2]. The inclusion of EV in multi-genomic platforms combining 

transcriptomic, epigenetic, proteomic, and metabolomic profiles makes it possible to form more accurate models of patient 

stratification and identify biological subtypes of affective disorders, which is consistent with the trend towards the 

systemic biology of mental illness [46-50]. 

The development of integrative bioinformatic approaches makes it possible to create predictive models combining EV 

signatures with genetic and epigenetic markers, including polymorphisms SLC6A4, BDNF and HTR2A, thereby 

increasing the accuracy of predicting an individual response to psychotherapy [5, 51-55]. These models can potentially 

be integrated into clinical decision support systems, allowing optimal therapeutic strategies to be selected based on the 

individual biological profile of the patient. In parallel, the direction of using EV as therapeutic carriers is developing, 

which creates prerequisites for future interventions aimed at modulating neuroinflammatory cascades and restoring 

neuroplasticity in affective disorders [56-64]. 

Thus, the combination of EV biomarkers, multiomic methods, and integrative forecasting models forms the basis for the 

next generation of bioinformatic and clinical tools capable of enabling the transition to truly personalized psychotherapy. 

 

CONCLUSION 

The review demonstrates that molecular biomarkers, ranging from neurotrophic and inflammatory to genetic and 

epigenetic, have significant potential for predicting the effectiveness of psychotherapeutic interventions in anxiety and 

depressive disorders. Analysis of neurobiological mechanisms confirms that it is the interaction of neuroplasticity, stress 

reactivity, and systemic inflammation that forms the basis for individual differences in therapeutic response. The 

summarized data show the promise of complex multiomic approaches and the use of extracellular vesicles as new sources 

of biomarkers that can improve the accuracy of predictive models. The presented directions create prerequisites for the 

formation of personalized psychotherapy algorithms focused on the biological profile of the patient. Thus, the review 

forms the theoretical basis necessary for the development of clinically applicable tools for precision psychotherapy and 

further research in the field of biomarkers of psychiatric disorders. 
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