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This article delves into the genetic underpinnings of anxiety, indicating that both state and trait anxiety have 
heritable components. However, there is no consensus on the degree of heritability, and much remains to be under-
stood about the specific genetic variants involved and their mechanisms of action. The study explores the role of the 
BDNF gene, which is involved in the synthesis and transportation of brain-derived neurotrophic factor protein, and 
the AMPD1 gene, which facilitates the conversion of inosine monophosphate to adenosine monophosphate, the 
intracellular precursor for adenosine in the pathophysiology of anxiety. The methodology of this study involved a 
combination of genetic testing, psychological assessments, and statistical analysis. Participants were recruited from 
diverse demographic groups to ensure the findings were broadly applicable. DNA samples were collected for genetic 
testing, and participants completed the STAI questionnaire to measure their state and trait anxiety levels. The 
genetic data were analyzed to identify associations between variants in the BDNF and AMPD1 genes and levels of 
anxiety; specifically, the frequency of these variants in participants with high anxiety scores was compared to those 
with low anxiety scores. The study provided evidence of the association between BDNF variants and levels of trait 
anxiety and AMPD1 variants with levels of state anxiety, implicating different biological mechanisms underlying these 
components of anxiety.
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В данной статье рассматривается генетическая этиология тревожных расстройств и изучается роль 
генов BDNF и AMPD1 в развитии ситуативной и личностной тревожности. В связи с высокой распростра-
ненностью тревожных расстройств, которые значительно влияют на качество жизни, понимание генетиче-
ских механизмов этих состояний представляет собой ключевую задачу современной психиатрии и психо-
логии. Гены BDNF и AMPD1, участвующие в нейропластичности и метаболизме аденозина соответственно, 
представляют особый интерес из-за их потенциальной связи с механизмами регуляции тревожности. Для 
изучения роли полиморфизмов генов BDNF (rs6265) и AMPD1 (rs17602729) в этиологии тревожных рас-
стройств использовался метод «ген-кандидат». В исследовании приняли участие 73 здоровых мужчины и 
женщины в возрасте от 25 до 45 лет, проживающих на федеральной территории Сириус. Участники прош-
ли психологическое тестирование с использованием шкалы оценки уровня ситуативной и личностной 
тревожности, разработанной Спилбергером (в русской адаптации Ханина), а также предоставили ДНК-
материал (в виде соскоба буккального эпителия) для генотипирования методом ПЦР в реальном времени. 
Статистический анализ результатов проводился с помощью языка программирования R. Результаты 
исследования продемонстрировали ассоциацию полиморфизма гена BDNF (rs6265) с уровнем личностной 
тревожности, а полиморфизм гена AMPD1 (rs17602729) — с уровнем ситуативной тревожности. Как в 
одном, так и в другом случае, наличие мутантного аллеля приводило к статистически значимому повыше-
нию уровня тревожности, что указывает на значимую роль этих генов в формировании тревожных рас-
стройств. Более того, ассоциации с разными генами показали, что, несмотря на довольно высокую корре-
ляцию между ситуативной и личностной тревожностью, биологические механизмы, задействованные в 
этиологии этих фенотипов различаются.

Ключевые слова: личностная тревожность, ситуативная тревожность, нейротрофический фактор мозга 
(BDNF), аденозиновая теория, ген BDNF, ген AMPD1.
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Introduction

Anxiety, a term that resonates with discomfort and 
unease, is far more than a fleeting emotion. It represents a 
complex psychological state, often characterized by an 
amalgamation of tension, apprehensive thoughts, and phys-
ical changes such as elevated heart rate or blood pressure. 
Anxiety, in its clinical form, is not merely a transient 
response to stress but can evolve into a range of disorders, 
including generalized anxiety disorder, panic disorder, social 
anxiety disorder, and several others, that are among the 
most prevalent mental health challenges faced globally [11].

In 2019, the World Health Organization (WHO) [21] 
estimated the worldwide prevalence of anxiety disorders as 
4.4%, which amounted to approximately 301 million people 
at that time. The prevalence of anxiety disorders varies by 
region, age, sex, and over time. For instance, some studies 
suggested that anxiety disorders are more common in 
females than in males [10] and that they can occur at any 
age, although adolescence or early adulthood is the most 
frequent period of the disorder onset [24]. According to a 
report from the Institute for Health Metrics and Evaluation 
(IHME) [13], the number of people living with anxiety dis-
orders globally may have increased over time due to popula-
tion growth and aging, limited access to healthcare services, 
and epidemiological situations. In 2020, amid the COVID-
19 pandemic, the number of people suffering from anxiety 
and depressive disorders increased by 26% and 28%, respec-
tively, in one year alone [14].

Mood and anxiety disorders are significant not only due 
to their prevalence but also because of the profound impact 
they have on individuals’ lives. They can disrupt personal 
relationships, impair work performance, and erode the 
overall quality of life, making anxiety a matter of consider-
able clinical importance.

The spectrum of anxiety is broad, encompassing both 
acute and chronic manifestations [5]. State anxiety repre-
sents the temporary experience of stress or nervousness in 
response to a specific situation perceived as threatening. It is 
a normal human reaction to stressors and typically resolves 
once the stressor is removed. On the other hand, trait anxi-
ety refers to a more persistent and enduring tendency to 
experience anxiety across various situations. This aspect of 
anxiety is more akin to a personality characteristic, reflect-
ing a stable predisposition to respond to anxiety even in the 
absence of immediate stressors. The distinction between 
state and trait anxiety is crucial for understanding the full 
scope of anxiety as a psychological phenomenon and for 
tailoring appropriate interventions.

The etiology of anxiety disorders is multifaceted, with 
genetic factors playing a significant role alongside environ-
mental influences. Scientific research has long been involved 
in unravelling the genetic underpinnings of anxiety, with 
studies showing that both state and trait anxiety have heri-

table components [15]. However, to date, there is no con-
sensus on the degree of heritability, which ranges signifi-
cantly between different types of studies. The twins study 
[16] estimated the heritability of anxiety disorders between 
72 and 89%%, whereas the longitudinal study [28] produced 
a more conservative estimate of 25—30%%.

Despite the progress made in identifying genetic risk fac-
tors for anxiety disorders through twin and family studies, 
genome-wide association studies (GWAS) [25], and candi-
date gene approaches [12], much remains to be understood 
about the specific genetic variants involved and their mech-
anisms of action.

The rationale for the present study stems from the need 
to deepen our understanding of the genetic factors contrib-
uting to anxiety disorders. While previous research has laid 
the groundwork, there are still gaps in knowledge regarding 
how these genetic factors interact with environmental influ-
ences to precipitate and maintain both state and trait anxi-
ety. Moreover, there is a need to explore whether genetic 
contributions differ between these two components of anxi-
ety, which could have significant implications for prevention 
and treatment strategies.

This study aims to address these gaps by focusing on 
several research questions and objectives: First, we seek to 
estimate the association between variants in the BDNF and 
AMPD1 genes with state and trait anxiety. Second, we aim 
to elucidate how these genetic factors contribute to the 
biological pathways that underlie the development and 
persistence of anxiety. Third, we intend to compare the 
influence of genetics on state versus trait anxiety to deter-
mine if distinct genetic profiles underpin these different 
aspects of the condition.

By exploring these questions, our study hopes to con-
tribute to the complex interplay between genetics and envi-
ronmental factors in the etiology of anxiety disorders. This 
knowledge could lead to more personalized approaches to 
treatment, such as pharmacogenomics or targeted psycho-
therapeutic interventions. Additionally, it could inform 
preventive measures by identifying individuals at higher 
genetic risk for developing anxiety disorders. Ultimately, 
this research endeavors to improve outcomes for those suf-
fering from anxiety disorders by laying the foundation for 
more effective and individualized care.

Trait and State Anxiety

Spielberger et al. [19] suggested that anxiety can be con-
ceptualized in two ways: as a stable disposition and as a 
transient emotional state that everyone experiences from 
time to time by introducing the distinction between state 
anxiety and trait anxiety. Both trait anxiety and state anxiety 
were seen as unimodal constructs. State anxiety is defined as 
an unpleasant emotional response when coping with threat-

Для цитаты: Биологические механизмы тревожности: генетические ассоциации генов BDNF и AMPD1 с ситуативной и лич-
ностной тревожностью [Электронный ресурс] / Н. Осман, К.В. Линд, А.Н. Бровин, Л.Е. Васильева, М.А. Дятлова // Современная 
зарубежная психология. 2024. Том 13. № 1. C. 33—46. DOI: https://doi.org/10.17759/jmfp.2024130103
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ening or dangerous situations [23], which includes a cogni-
tive appraisal of the threat as a precursor to it occurring [27]. 
In general, states refer to any characteristic that can be reli-
ably measured, but “typically state variables refer to con-
scious, verbally reported qualities, such as mood” [29]. Trait 
anxiety, on the other hand, refers to persistent individual 
differences in the tendency to respond with heightened state 
anxiety when anticipating a threatening situation. This ten-
dency is present in a wide range of situations and is stable 
over time. Spielberger [31] defined trait anxiety as a general 
disposition to experience temporary anxious states and sug-
gested that the two constructs were related.

However, it is still unclear whether these two types of 
anxiety are behaviorally connected or separate features. 
According to Spielberg’s early theory, anxiety is a single-
dimensional construct that includes both state and trait 
anxiety, viewed as two sides of the same coin. In this frame-
work, an anxious individual has a personality trait coupled 
with a tendency for heightened episodic anxiety in danger-
ous or stressful situations. Nevertheless, some researchers 
proposed that trait and state anxiety are distinct multidi-
mensional construct [22].

Several studies [26; 31; 32] attempted to analyze the dif-
ferences in psychological and physiological parameters 
associated with state and trait anxiety. Recent functional 
magnetic resonance imaging (fMRI) study [31] examined 
the neural basis of trait and state anxiety components by 
assessing the correlation between structural gray matter 
covariance and resting-state functional connectivity pat-
terns with state and trait anxiety scores measured by the 
State-Trait Anxiety Inventory. The study provided evidence 
of neuroanatomical and functional distinctions between the 
two types of anxiety. It was shown that trait anxiety corre-
lated with structural configurations, while state anxiety cor-
related with functional patterns of brain activity.

Similarly, Baur et al. [26] used fMRI and diffusion tensor 
imaging to study the conjoint activity of the insula and amyg-
dala and its association with state and trait anxiety. The study 
identified different psychological paths implicating two com-
ponents of anxiety — while resting state functional connec-
tivity was strongly associated with state anxiety, structural 
connectivity was positively correlated with trait anxiety.

Another study [32] examined the relationship between 
state and trait anxiety, assuming a strong correlation between 
the two in the case of the unidimensional nature of anxiety 
and an absence of correlation if anxiety is a multidimensional 
construct. The study produced mixed evidence, showing a 
moderate positive correlation between state and trait anxiety 
in the situation when participants were subjected to an inter-
personal threat. However, there was no correlation between 
two components of anxiety when participants were exposed 
to a physical threat (dental procedure).

Pathophysiology of anxiety

Mood and anxiety disorders are characterized by a vari-
ety of neuroendocrine, neurotransmitter, and neuroana-

tomical disruptions. Identifying the most functionally rele-
vant differences is complicated by the high degree of inter-
connectivity between neurotransmitter- and neuropeptide-
containing circuits in limbic, brain stem, and higher cortical 
brain areas [30]. The conventional neurobiological hypoth-
esis attributes noradrenergic, serotonergic, frontal lobe, and 
limbic systems as the most prominent biological pathways 
involved in anxiety. It has been suggested that reduced sero-
tonin activity and elevated activity of the noradrenergic 
system are two main causal factors of the disorder onset [3].

This study, however, explores a relatively new neurotroph-
ic hypothesis, which associates the impairments in neuro-
plasticity implicating a deficiency of neurotrophic factors, 
such as brain-derived neurotrophic factor (BDNF), with the 
pathophysiology of anxiety [9]. Neuroplasticity refers to the 
ability of the nervous system to change its structure and func-
tion in response to experiences. This includes the growth of 
new neurons (neurogenesis), the formation of new synapses 
(synaptogenesis), and changes in synaptic strength (synaptic 
plasticity) [7]. These processes are essential for learning, 
memory, and the adaptation of the brain to new situations.

Neurotrophic factors are a family of proteins that support 
neurons’ growth, survival, and differentiation. BDNF is one 
of the most extensively studied neurotrophic factors and is 
known to be crucial for neuroplasticity. It plays a significant 
role in regulating synaptic function and maintaining neuronal 
health [6]. According to the neurotrophic hypothesis of anxi-
ety, reduced levels or activity of BDNF and possibly other 
neurotrophic factors can lead to decreased neuroplasticity, 
which in turn may contribute to the development of anxiety 
disorders. This could manifest as an impaired ability to adapt 
to stress, difficulty in extinguishing fear memories, or an 
increased vulnerability to environmental stressors.

Evidence supporting the neurotrophic hypothesis includes 
findings that individuals with anxiety disorders often have 
lower levels of BDNF in their blood compared to healthy 
controls [8]. Furthermore, some treatments for anxiety, 
including antidepressants and physical exercise, have been 
shown to increase BDNF levels, which correlates with 
improvements in anxiety symptoms. Additionally, animal 
studies have shown that stress can reduce BDNF expression 
in the brain, particularly in regions associated with emotion 
regulation, such as the hippocampus and prefrontal cortex.

Our second hypothesis examined the contribution of the 
adenosine signaling system to anxiety. Adenosine is a natu-
rally occurring nucleoside in the brain that functions as a 
central nervous system depressant. It modulates neuronal 
activity through its action on specific adenosine receptors, 
which are G protein-coupled receptors found throughout 
the brain [30]. There are four known types of adenosine 
receptors: A1, A2A, A2B, and A3, each with different distri-
butions and functions. Activation of adenosine A1 receptors 
generally has an inhibitory effect on neuronal activity, pro-
moting sedation and anxiolytic (anxiety-reducing) effects. 
Conversely, activation of A2A receptors can have varying 
effects depending on their location in the brain but is often 
associated with wakefulness and potential anxiogenic (anx-
iety-producing) effects [30].
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Although the effect of adenosine receptors on anxiety 
disorder and depression has been commonly discussed in 
the research literature, this study focuses on the adenosine 
monophosphate deaminase (AMP deaminase), the enzyme 
that facilitates the conversion of inosine monophosphate to 
adenosine monophosphate, the precursor for adenosine. 
Therefore, AMP deaminase plays an important role in the 
regulation of the extracellular levels of adenosine in the 
brain, a molecule that acts as a neuromodulator and neuro-
protectant in the central nervous system through purinergic 
receptors. By influencing adenosine levels, AMP deaminase 
indirectly participates in modulating neuronal excitability, 
neuroinflammation, and responses to stress.

Methods

Participant recruitment and selection criteria
This study included 73 individuals of Caucasian descent. 

All participants were healthy adults aged 25 to 45, residing 
in the federal territory of Sirius (the Russian Federation). 
Participants had diverse baseline characteristics and volun-
teered to take part in the research project. To ensure the 
research’s safety and transparency, participants signed an 
informed consent form approved by the ethics committee of 
Sirius University of Science and Technology. Data collec-
tion and management were carried out in accordance with 
the research protocols, guaranteeing the confidentiality of 
participants’ personal data and adhering to the principles of 
fairness, transparency, and ethical conduct in the research.

Trait and state anxiety scoring
Trait and state anxiety levels were assessed using 

Spielberger’s state-trait anxiety inventory (STAI) with the 
adaptation of the Russian language by Y.L. Khanin [1; 18]. 
The STAI is the most widely used instrument to assess anxi-
ety levels in healthy and clinical participants due to its reli-
ability and psychometric validity [33].

The Spielberger self-completed anxiety questionnaire 
consists of 40 questions that assess an individual’s level of state 
and trait anxiety. The questions in the survey were rated on a 
four-point scale. Participants were asked to indicate the inten-
sity of their feelings at the moment, ranging from “not at all” 
to “very much” for state anxiety questions. For trait anxiety 
questions, participants were asked to indicate the frequency of 
such states ranging from “rarely” to “almost always.”

Raw scores were reversed, and total test scores were cal-
culated, ranging from 20 to 80 points, where a higher score 
corresponds to a higher anxiety level. Based on the severity 
of symptoms, participants are classified into one of three 
groups: low anxiety (up to 30 points), medium anxiety (31 
to 44 points), and high anxiety (45 points and above) for 
each anxiety component. Since anxiety is a condition that 
can be measured on a continuous scale based on the sever-
ity of symptoms, our study focuses on the extreme end of 
this scale, which represents a pathological level of anxiety. 
We have compared two groups of participants in our analy-
sis: one group with low to medium anxiety scores ranging 

from 0 to 44 and another group with high anxiety scores of 
45 or more, which places them in the top rank of the scale.

DNA isolation
Buccal swab samples were collected from all participants 

using a sterile, disposable medical cotton swab. Each partici-
pant was instructed not to eat, drink, smoke, or chew gum for 
at least 30 minutes prior to sample collection. The swabs were 
rubbed against the inner surface of the participant’s cheek for 
about 30 seconds. The swab was then placed into the tube 
containing a buffer solution (PBS, 0.5 M Hepes and 0.1 M 
EDTA) and stored at a temperature of +4C.

DNA was extracted and purified using the physical 
method with spin columns with silicate sorbent diaGene 
(Dia-M, Moscow, Russia, article number 3489.0250) fol-
lowing the manufacturer’s protocol. The quantity of extract-
ed DNA was assessed using a NanoDrop spectrophotometer 
(Thermo Fisher Scientific) and the real-time PCR. PCR kit 
with fluorescent probes Biomaster HS-qPCR (Biolabmix, 
Russia), a buffer, a set of highly specific primers, and probes 
for amplification was used to detect polymorphisms in the 
AMPD1and BDNF genes.

Genetic association analysis
Target genes for gene association analysis were selected 

based on previous research findings and their biological 
relevance to anxiety disorders. We focused on two genes 
encoding the risk factors of interest: the BDNF gene regulat-
ing transportation and secretion of the BDNF protein [4] 
and the AMPD1 gene encoding AMP deaminase, the 
enzyme involved in the synthesis of adenosine [30]. While 
the choice of the BDNF gene is well supported by the previ-
ous research in the field of affective disorders, the inclusion 
of the AMPD1 gene expands the conventional area of inves-
tigation by shifting the focus of research from the genes 
regulating adenosine receptors to the gene involved in ade-
nosine metabolism. Although AMPD1 is highly expressed in 
skeletal muscles and studied in the context of energy 
metabolism, cellular function, and metabolic disorders, 
new evidence suggests its potential relevance to mental 
health conditions and psychiatric phenotypes [2].

We used instrumental variable analysis, a statistical 
method used to infer causality in observational studies. The 
instrumental variable (IV) is a variable associated with the 
exposure of interest (in this case, BDNF protein and AMP 
deaminase levels) but is not associated with the outcome 
(anxiety) except through its effect on the exposure.

The BDNF and AMPD1 genes, which encode the BDNF 
protein and AMP deaminase enzyme, can be used as instru-
mental variables in this context. Genetic variants, or single 
nucleotide polymorphisms (SNPs), in these genes, can affect 
the levels of BDNF protein and adenosine produced in the 
body. These SNPs can be used as an IV because they are ran-
domly assigned [20] at conception (Mendelian randomization) 
and thus are not affected by confounding factors that might 
influence both BDNF protein or adenosine levels and anxiety.

In this study, we used the BDNF and AMPD1 genes as 
IV; more specifically, by reviewing previous genetic stud-
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ies, we identified SNPs in both genes that are associated 
with BDNF protein (rs6265) and adenosine levels 
(rs17602729).

Next, the associations of these SNPs with anxiety were 
assessed by comparing the prevalence of pathological levels 
of anxiety in individuals with different genotypes at these 
SNPs. The association of the index SNPs with anxiety sug-
gests that BDNF protein and adenosine may play a causal 
role in anxiety.

Statistical methods
Data were analyzed using R statistical software. Anxiety 

scores were presented as the mean ± standard deviation. 
The scores were assessed using Kolmogorov-Smirnov’s test 
for distribution normality and Bartlet’s test for homoscedas-
ticity. No impediments to the use of parametric tests were 
found for any of the evaluated parameters. A level of signifi-
cance of 5% was considered. No obstacles were found for 
any of the evaluated parameters when performing paramet-
ric tests, with a the significance level of 5% considered.

The correlation between state and trait anxiety was 
assessed with Pearson’s correlation test. The correlation 
coefficient was interpreted in accordance with a conven-
tional standard — low (r < 0.50), moderate (0,50 ≤ r ≤ 0,75), 
and high (r > 0.75)

Generalized linear regression models adjusted by sex 
and age were used to estimate the effect of the minor alleles 
on the anxiety levels. Point estimates and p-values were 
reported in the result section.

Hardy—Weinberg equilibrium was assessed by the chi-
square test, and the genotype and allele frequencies were 
compared between the participants with low/medium 

rank and high rank of anxiety. Linkage disequilibrium 
between paired SNPs was analyzed, and the degree of 
linkage disequilibrium between SNPs was expressed as D′. 
The value of D′ ranges from 0 to 1, with a higher value 
indicating a higher degree of linkage disequilibrium 
between the two loci.

Results

Baseline characteristics
The study population is composed of 73 individuals with 

an average age of 34,9 years (±8,8). The population is 
almost equally divided by sex, with 36 males (49,3%) and 37 
females (50,7%). In terms of trait anxiety levels, a signifi-
cant majority of the population, 59 individuals or 82%, have 
low to medium levels of trait anxiety. The remaining 18% or 
14 individuals have high levels of trait anxiety.

The average state anxiety score for the entire population 
is 35,0 (±10,1). However, there is a noticeable difference 
when divided by trait anxiety levels: those with low/medium 
trait anxiety have an average state anxiety score of 31,1 
(±6,6), while those with high trait anxiety have a signifi-
cantly higher average state anxiety score of 51,3 (±3,9). 
Baseline characteristics stratified by the trait anxiety status 
(low/ medium vs. high) are shown in Table 1.

Correlation analysis
A strong positive correlation existed between state and 

trait anxiety, and Pearson’s correlation coefficient was R2 = 
0,72 (95% CI 0,58, 0,81). Table 2 shows both outcomes’ 
mean, SD, and correlation coefficients.

Ta b l e  1
Baseline characteristics

 Trait anxiety (low/medium level) 
59 (82%)

Trait anxiety (high level) 
14 (18%)

Total 
 73 (100%)

Age (yr.) 34,9 (±9,2) 34,7 (±7,3) 34,9 (±8,8)

Sex (M) 30 (50,8%) 6 (42,9%) 36 (49,3%)

Sex (F) 29 (49,2%) 8 (57,1%) 37 (50,7%)

State anxiety 31,1 (±6,6) 51,3 (±3,9) 35,0 (±10,1)

Trait anxiety 35,3 (±6,8) 49,5 (±10,4) 38,0 (±9,4)

Note. The values of continuous variables are shown in M (±SD), representing mean and standard deviation, 
respectively. The values of categorical variables are shown as SUM (%), representing sum of the values and 
percentage from the total, respectively.

Ta b l e  2
Means, standard deviations, and correlations with confidence intervals between state and trait anxiety scores

Outcome M SD R2

State anxiety score 35,01 10,15

Trait anxiety score 38,03 9,43 0,72**

 [0,58, 0,81]

Note. M and SD are used to represent mean and standard deviation, 
respectively. Values in square brackets indicate the 95% confidence inter-
val for each correlation. The confidence interval is a plausible range of 
population correlations that could have caused the sample correlation 
(Cumming, 2014). * indicates p < 0,05. ** indicates p < 0,01.
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Genetic association analysis
The index SNPs for the analysis were chosen in accor-

dance with the existing knowledge of their associations with 
biomarkers of interest. Several checks were employed to 
ensure directional concordance between the genotype data 
of the Sirius residents and the European populations’ geno-
type data. Frequencies of the major alleles in the European 
population, as reported by Ensembl and observed in the 
current project, were compared. The difference between 
frequencies is within 3%, which indicates that the frequen-
cies in all three populations are similar (Table 3).

Genotype frequency analysis found no significant asso-
ciation of the AMPD1 genotype with trait anxiety, but for 
state anxiety, χ2 analysis showed a significant association 
(Table 4). The frequency of minor allele heterozygotes in 
low/medium vs. high state anxiety subjects was 75,9% vs. 
57,1% and 28,6% vs. 33,3% for low/medium vs. high trait 
anxiety subjects, respectively. The minor allele in 
rs17602729 appeared to be associated with a higher level of 
state anxiety after adjusting for age and sex using a logistic 
regression model.

Similarly, genotype frequency analysis of the BDNF geno-
type was not associated with state anxiety but showed a statisti-
cally significant association with trait anxiety (Table 4). The 
frequency of minor allele homozygotes in low/medium vs. high 
state anxiety subjects was 13,8% vs. 21,4% and 8,9% vs. 33,3% 
for low/medium vs. high trait anxiety subjects, respectively. The 
minor allele in rs6265 tends to increase the level of trait anxiety 
after adjusting for age and sex using a logistic regression model.

Fig. 1. shows the distribution of the trait anxiety scores 
by the BDNF genotype coded as a dominant model. 
Participants with at least one copy of the minor allele have 
an average trait anxiety score higher than those who do not 
have minor alleles. A concordant association is shown for 
the AMPD1 genotype. Participants with at least one copy of 
the minor allele have a mean state anxiety score higher than 
those who have homozygous major alleles.

The general linear regression model estimated that 
minor alleles in rs17602729 were associated with a 0,3 
(p-value 0,031) point higher state anxiety score. The direc-
tionally concordant effect of rs6265 on the trait anxiety was 
0,4 (p-value 0,011) points higher in those with minor alleles.

Ta b l e  3
The comparison of minor allele frequencies in the Sirius population and Ensemble

RSID
Minor allele 

Sirius
Minor allele 

Ensembl
Minor allele freqency 

Sirius
Minor allele freqency 

Ensembl
Freqency difference between Sirius 

and Ensembl

rs6265 T T 0,47 0,5 –0,03

rs17602729 A A 0,14 0,14 0

Ta b l e  4
Contingency table analysis of AMPD1 and BDNF genotype frequencies in subjects with low/medium anxiety 

levels compared with those who have high anxiety levels

Group Cases (n)

AMPD1

rs17602729

GG GA AA χ2 P-value

State Anxiety

Low/medium score 58 (100%) 14 (25%) 44 (75%) 0 (0%) 4,34 0,04*

High score 14 (100%) 6 (43%) 8 (57%) 0 (0%)

 Sum 72 (100%) 20 (28%) 52 (72%) 0 (0%)

Trait Anxiety

Low/medium score 56 (100%) 41 (73%) 16 (27%) 0 (0%) 0,01 0,93

High score 15 (100%) 10 (67%) 5 (33%) 0 (0%)

 Sum 71 (100%) 51 (72%) 21 (28%) 0 (0%)   

BDNF

rs6265

CC CT TT χ2 P-value

State Anxiety

Low/medium score 58 (100%) 12 (21%) 38 (65%) 8 (14%) 0,56 0,76

High score 14 (100%) 3 (21.5%) 8 (57%) 3 (21.5%)

 Sum 72 (100%) 15 (21%) 46 (64%) 11 (15%)

Trait Anxiety

Low/medium score 56 (100%) 15 (27%) 36 (64%) 5 (9%) 8,01 0,02*

High score 15 (100%) 0 (0%) 10 (67%) 5 (33%)

 Sum 71 (100%) 15 (21%) 46 (65%) 10 (14%)   

Note. Statistically significant P-values are marked with *
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Discussion

This study aimed to investigate the association between 
the BDNF and AMPD1 genes with trait and state anxiety 
levels. The analysis showed that the BDNF gene was associ-
ated with trait anxiety; the presence of the minor allele in 
the individual genotype increased the level of trait anxiety 
by 0,4 points. The AMPD1 gene was associated with state 
anxiety, and a copy of the minor allele was associated with 
0,3 higher state anxiety.

The association of the BDNF gene with trait anxiety 
provides additional evidence supporting the hypothesis that 
lower BDNF expression may be associated with higher 
anxiety levels. BDNF is a neurotrophin that plays a crucial 
role in brain plasticity and neuronal survival. Previous stud-
ies have indicated that BDNF is involved in the pathophys-
iology of various psychiatric disorders, including anxiety 
disorders [17]. Our findings align with this body of research, 
suggesting that lower BDNF levels may indeed contribute to 
increased anxiety symptoms.

One of the primary observations from our study was the 
inverse relationship between BDNF expression and anxiety 
levels. Participants with genetically determined lower 
BDNF levels exhibited higher scores on anxiety measure-
ment scales. This trend suggests that BDNF may play a 
protective role against anxiety, and its deficiency could 
potentially lead to heightened anxiety levels.

The findings of our study reveal a significant association 
between genetically determined lower adenosine levels and 
increased anxiety levels. This aligns with previous research 

suggesting that adenosine, a neuromodulator with inhibito-
ry effects in the central nervous system, plays a crucial role 
in modulating anxiety behavior.

The association of the AMPD1 gene with state anxiety 
supports the adenosine hypothesis. Adenosine is known to 
mediate several physiological processes, including sleep, 
arousal, and stress response. Our results indicate that a 
deficiency in adenosine may disrupt these processes, lead-
ing to heightened responses to the stressors. This could be 
due to an imbalance in neural excitability and inhibition, 
which has been implicated in the pathophysiology of anxi-
ety disorders.

Interestingly, our findings also suggest that the effect of 
adenosine on anxiety levels may be dose-dependent, with 
genetically determined lower levels of adenosine associated 
with higher anxiety levels, while moderate to high levels 
appeared to have an anxiolytic effect [30]. This is consistent 
with the dual role of adenosine in the central nervous sys-
tem, where it can act both as a neuroprotectant and a neu-
rotoxin, depending on its concentration.

However, while our results are promising, it is impor-
tant to note that they do not establish a causative relation-
ship between BDNF and AMPD1 expression and anxiety. 
The observed association could be influenced by various 
other factors not accounted for in this study. For instance, 
environmental stressors, interactions, or other neuro-
chemical imbalances could also play a role in modulating 
anxiety levels.

Moreover, our research did not delve into the specific 
mechanisms through which BDNF and AMPD1 might 

Fig. 1. Trait anxiety scores by the BDNF genotype and state anxiety scores by the AMPD1 genotype are both coded as a dominant model
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Краткое изложение содержания статьи
на русском языке

Введение

В современном обществе тревожные расстройства 
выделяются как предмет значительного научного и кли-
нического интереса в контексте психического здоровья. 
В условиях ускоренного ритма жизни, социальной 
нестабильности и избытка информации наблюдается 
значительное увеличение распространенности тревож-
ных расстройств среди населения. Это подчеркивает 
необходимость глубокого исследования тревожности, 
ее компонентов и патогенеза, в том числе роль генети-
ческих факторов в этиологии заболевания. Учитывая, 
что тревожные расстройства могут значительно ухуд-
шать качество жизни индивида, ограничивать его про-
фессиональную адаптацию и социальное функциони-
рование, а также способствовать развитию коморбид-
ных психопатологий, актуальность данной проблемати-
ки для научного изучения остается высокой [4].

Исследование генетической составляющей тре-
вожности играет ключевую роль в понимании меха-
низмов развития тревожных расстройств. Оно не 
только способствует выявлению биологических про-
цессов, лежащих в основе этих состояний, но и 
открывает двери для разработки новых методов лече-
ния и профилактики. Кроме того, идентификация 
генетических маркеров, ассоциированных с тревож-
ностью, обещает значительные прорывы в ранней 
диагностике и определении лиц с повышенным 
риском развития тревожных расстройств.

Понимание генетической предрасположенности к 
тревожности открывает путь к созданию персонализи-
рованной медицины. Это подразумевает разработку 
индивидуальных подходов к лечению, что может зна-
чительно улучшить качество жизни пациентов за счет 
оптимизации терапевтических стратегий и минимиза-
ции побочных эффектов. Также знание о генетической 
предрасположенности может стать основой для разра-
ботки профилактических программ, направленных на 
снижение риска развития тревожных расстройств у 
лиц с высоким генетическим риском.

Данное исследование направлено на решение 
нескольких исследовательских вопросов и задач. 
Во-первых, оценить связь между вариантами в генах 
BDNF и AMPD1 с ситуативной и личностной тревож-

influence anxiety. Previous research has suggested that 
BDNF might impact anxiety through its effects on brain 
structures such as the hippocampus and amygdala, which 
are crucially involved in stress response and emotion 
regulation [26]. In contrast, adenosine impacts anxiety 
through several potential biological pathways, primarily 
through its interaction with adenosine receptors in the 
brain [30]. Future research should aim to elucidate these 
underlying mechanisms further.

Conclusion

In conclusion, our findings suggested a significant association 
between the BDNF and AMPD1 genes and anxiety. Those genes 
are implicated in different components of anxiety; while BDNF is 
associated with trait anxiety, a more stable over-time individual 
characteristic, AMPD1, appeared to influence the extent of the 
response to a stressor. Although these two components of anxiety 
are correlated, the underlying biological mechanisms differ.

ностью. Во-вторых, описать возможные биологиче-
ские механизмы влияния данных генетических факто-
ров на проявление и развитие тревожности. В-третьих, 
изучить генетические основы личностной и ситуатив-
ной тревожностей, чтобы определить, имеют ли они 
разные генетические профили в своей основе.

Результаты

В результате исследования была подтверждена кор-
реляция между показателями ситуативной и личност-
ной тревожности, измеренной по шкале Спилбергера (r2 
= 0,72), что подтверждает существующую гипотезу [1] 
об ассоциации между двумя компонентами. Шкала 
Спилбергера разделяет тревожность на два основных 
типа: ситуативную (или состояние тревожности), кото-
рая возникает в ответ на конкретные обстоятельства и 
имеет временный характер, и личностную (или тревож-
ность как черту), отражающую стабильную склонность 
индивида к переживанию тревожности. Наличие корре-
ляции между этими двумя аспектами тревожности под-
черкивает важность взаимосвязи между внешними 
событиями и внутренней предрасположенностью к тре-
воге. Это указывает на то, что люди с высокой личност-
ной тревожностью более склонны реагировать на стрес-
совые ситуации повышенным уровнем ситуативной 
тревожности, что может привести к заметному влиянию 
на их повседневную жизнь и благополучие.

По результатам проведенного генетического иссле-
дования ассоциаций было выявлено, что существует 
статистически значимая связь между геном BDNF и 
личностной тревожностью; наличие рецессивного алле-
ля в генотипе индивида повышает уровень личностной 
тревожности на 0,4 балла по шкале Спилбергера. Данная 
ассоциация была зафиксирована исключительно для 
личностного компонента тревожности и не подтверди-
лась для ситуативного компонента.

Анализ генетических ассоциаций с уровнем ситуа-
тивной тревожности обнаружил статистически значи-
мую ассоциацию с геном AMPD1; копия рецессивного 
аллеля этого гена связана с генетически-обусловлен-
ным более высоким уровнем ситуативной тревожности 
(0,3 балла по шкале Спилбергера). Данная ассоциация 
подтвердилась исключительно для ситуативного ком-
понента и не прослеживалась для личностного компо-
нента тревожности.
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Ассоциации разных генов с двумя компонентами 
тревожности предполагают разные биологические пути, 
задействованные в этиологии тревожных расстройств. 
Несмотря на сравнительно высокий коэффициент кор-
реляции между ситуативной и личностной тревожно-
стью, вариативность этих признаков частично объясня-
ется независимыми генетическими факторами.

Обсуждение результатов

Ассоциация гена BDNF с личностной тревожностью 
подтверждает гипотезу о том, что более низкая экспрес-
сия BDNF может быть связана с более высоким уровнем 
тревожности. BDNF — это нейротрофин, играющий 
важнейшую роль в нейропластичности мозга и выжива-
нии нейронов. Предыдущие исследования показали, что 
BDNF участвует в патофизиологии различных психиче-
ских расстройств, включая тревожные расстройства [5]. 
Полученные данные согласуются с результатами этих 
исследований и позволяют предположить, что низкий 
уровень BDNF действительно может способствовать 
усилению симптомов тревожности.

Одним из основных наблюдений нашего исследо-
вания стала обратная зависимость между выраженно-
стью BDNF и уровнем тревожности. Участники с 
генетически обусловленным низким уровнем BDNF 
демонстрировали более высокие показатели по шкале 
измерения личностной тревожности. Эта тенденция 
позволяет предположить, что BDNF может играть 
защитную роль против тревожности, а его дефицит 
потенциально может приводить к повышению уровня 
тревожности.

Результаты исследования выявили значительную 
связь между генетически обусловленным низким уров-
нем аденозина и повышением уровня ситуативной 
тревожности. Это согласуется с предыдущими иссле-
дованиями, предполагающими, что аденозин, нейро-
модулятор с тормозным действием в центральной 
нервной системе, играет решающую роль в модуляции 
поведения, связанного с тревожностью.

Связь гена AMPD1 с тревожностью подтверждает 
аденозиновую теорию. Известно, что аденозин опосре-
дует несколько физиологических процессов, включая 
сон, возбуждение и реакцию на стресс. Наши результа-
ты показывают, что дефицит аденозина может нарушать 
эти процессы, приводя к усилению реакции на стрессо-
вые факторы. Это может быть связано с нарушением 
нейронных процессов возбуждения и торможения, что 
впоследствии становиться патофизиологическим инди-
катором развития тревожных расстройств.

Интересно, что наши результаты также свидетель-
ствуют о том, что влияние аденозина на уровень тре-
вожности может быть связано с концентрацией адено-
зина в ЦНС: генетически-обусловленный низкий уро-
вень аденозина связан с более высоким уровнем тре-
вожности, в то время как умеренный и высокий уровни 
оказывают анксиолитическое действие [1].

Однако, несмотря на многообещающий характер 
наших результатов, важно отметить, что ассоциация генов 
BDNF и AMPD1 с уровнем ситуативной и личностной тре-
вожности является маленьким фрагментом комплексной 
генетической архитектуры тревожных расстройств. В дан-
ном исследовании не бралось во внимание влияние про-
чих генетических факторов, в том числе регулирующих 
экспрессию генов BDNF и AMPD1, а также не оценивались 
стрессовые факторы окружающей среды, взаимодействия 
или другие нейрохимические дисбалансы, которые также 
могут играть роль в модуляции уровня тревожности.

Кроме того, в нашем исследовании не рассматрива-
лись конкретные механизмы, с помощью которых 
гены BDNF и AMPD1 могут влиять на тревожность. 
Предыдущие исследования показали, что BDNF может 
влиять на тревожность посредством воздействия на 
такие структуры мозга, как гиппокамп и миндалина, 
которые принимают важнейшее участие в реакции на 
стресс и регуляции эмоций. Напротив, аденозин влия-
ет на тревожность через несколько потенциальных 
биологических путей, в первую очередь через взаимо-
действие с аденозиновыми рецепторами в мозге [1]. 
Будущие исследования должны быть направлены на 
дальнейшее изучение детерминантов тревожности.
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