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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
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B manHO#l cTaThe paccMaTpuBaeTCsl TeHETUYECKasl STUOJIOTHS TPEBOXHBIX PACCTPOMCTB M M3ydaeTcs pPoJib
reHoB BDNFu AMPDI B pa3BUTUM CUTYaTUBHOU U JIMYHOCTHOW TPEBOKHOCTU. B CBSI3U C BBICOKOI pacrpocTpa-
HEHHOCTBIO TPEBOXKHBIX PACCTPOUCTB, KOTOPbIE 3HAUMTEIBHO BJIUSIOT Ha KAUe€CTBO XXKU3HU, TOHUMaHUE TeHeTHYe-
CKHX MEXaHU3MOB 3TUX COCTOSTHUIA MPenCcTaBIsieT COO0M KITIOUEBYIO 3a1ady COBPEMEHHON MCUXUATPUU U MICUXO-
Joruu. 'enst BDNFu AMPD 1, yqacTByoniye B HEHpOIIaCTUYHOCTY U METabOIU3Me aZlecHO3MHA COOTBETCTBEHHO,
MPEICTABISIOT OCOOBI MHTEPEC U3-3a UX MOTEHUMATIbHON CBSI3U C MEXaHU3MaMU PEryJIsUU TPEBOXHOCTH. Jist
MU3YYEHUs poJid TOJUMOpduU3MoB reHoB BDNF (rs6265) u AMPDI (rs17602729) B 3THOJIOTUN TPEBOXHBIX pac-
CTPOVICTB MCITOJIB30BAJICSI METOJl «T€H-KaHAUAAT». B rccienoBaHnM MPUHSUIA ydacThe 73 3M0POBBIX MYXKUMHBI 1
>KEHIIIMHBI B BO3pacTe OT 25 10 45 jeT, NpoXuBamouux Ha deaepaibHolt Tepputopun Cupuyc. YYaCTHUKM MPOIII-
JIU TICUXOJOTMYECKOE TECTUPOBAHUE C MCIMOJb30BAHMEM IIKAJIbl OLEHKW YPOBHS CUTYaTUBHOW W JIMYHOCTHOW
TPEBOXHOCTU, paspaboTaHHoil CrimibeprepoM (B pyccKoi aganTauuy XaHWHA), a Takxke npenoctauan JJHK-
maTepuai (B BUae cOCkoOa OyKKaJbHOIO 3MUTENMS) 7151 FeHOTUImMpoBaHust MetoaoMm I1L[P B peaibHOM BpeMeHU.
CTaTUCTUYECKUI aHaTU3 Pe3yJIbTaTOB IMPOBOAUJICS C TMOMOUIBIO si3bIKa MporpamMMupoBaHusi R. PesynbraTel
KCCJIEIOBAHMST TIPOJIEMOHCTPUPOBAIN accoIalinio mojuMopdusma reHa BDNF (rs6265) ¢ ypoBHEM JIMYHOCTHOM
TPEBOXHOCTH, a TosmMmopdusm reHa AMPDI (1s17602729) — ¢ ypoBHEM CHTyaTHUBHOI TpeBOXHOCTH. Kak B
OJTHOM, TaK W B IpDYTOM CJllyyae, HaJTu4ue MyTaHTHOTO aJulefisi MPUBOAWIO K CTATUCTUYECKU 3HAYMMOMY TTOBBIIIIE-
HUIO YPOBHS TPEBOXHOCTH, YTO YKa3bIBaeT HAa 3HAUYMMYIO POJIb 3TUX F€HOB B (DOPMUPOBAHUU TPEBOXHBIX pac-
cTpoiicTB. bosee Toro, accolualuy ¢ pa3HbIMU FeHaMU MTOKa3aJlv, YTO, HECMOTPSI Ha JOBOJIbHO BBICOKYIO KOppe-
JISIUIO MEXIY CUTYaTUBHON M JIMYHOCTHOU TPEBOXKHOCTBHIO, OMOJOTUYECKUE MEXaHU3MBbl, 3aeiiCTBOBAHHbIC B
STUOJIOTUU TUX (DEHOTUIIOB PA3IUYAIOTC.

Karoueewte caosa: TMIHOCTHASI TPEBOKHOCTD, CUTYaTHBHAsI TPEBOXKHOCTbh, HelipoTpodudeckunii hakrop mMosra
(BDNF), aneHo3unoBas Teopusi, reH BDNF, reH AMPD].
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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-
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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-
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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. Spiclberger [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 anxicty 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-

36

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: Al, A2A, A2B, and A3, each with different distri-
butions and functions. Activation of adenosine A1l 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
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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
AMPD Iand 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 AMPDI 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 AMPD I 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 AMPDI 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.

Table 1
Baseline characteristics
Trait anxiety (low/medium level) Trait anxiety (high level) Total
59 (82%) 14 (18%) 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.
Table 2
Means, standard deviations, and correlations with confidence intervals between state and trait anxiety scores
Outcome M SD R?
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 AMPD 1 genotype with trait anxiety, but for
state anxiety, > 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 1s6265 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 AMPD 1 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 1s6265 on the trait anxiety was
0,4 (p-value 0,011) points higher in those with minor alleles.

Table 3
The comparison of minor allele frequencies in the Sirius population and Ensemble
Minor allele | Minor allele | Minor allele freqency | Minor allele freqency Freqency difference between Sirius
RSID . . .
Sirius Ensembl Sirius Ensembl and Ensembl
1$6265 T T 0,47 0,5 —0,03
rs17602729 A A 0,14 0,14 0

Table 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

AMPDI
Group Cases (n) rs17602729
GG GA AA 1 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 1 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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Fig. 1. Trait anxiety scores by the BDNF genotype and state anxiety scores by the AMPD 1 genotype are both coded as a dominant model

Discussion

This study aimed to investigate the association between
the BDNF and AMPDI 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
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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 AMPD]I 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 AMPDI might
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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.

KpaTtkoe u3j10KeHHe COAEPKAHUSA CTATHH
HA PYCCKOM SI3bIKE

BBenenne

B coBpeMeHHOM 0011leCTBE TPEBOXHBIE PACCTPOIMCTBA
BBIACJIAIOTCS KaK MPeAMET 3HAYUTEIbHOTO HAyYHOTO U KJTU -
HUYECKOT0 MHTEPECca B KOHTEKCTE MCUXUYECKOTO 3[10POBbSL.
B ycnoBuSX YCKOPEHHOTO pUTMa XW3HU, COLMATbHOW
HECTaOMJIBHOCTU M U30bITKA WH(OpMaLUu HabtogaeTcst
3HAYUTEJIbHOE YBEJWYEHUE PaCIIPOCTPAHEHHOCTU TPEBOX-
HBIX PACCTPOMCTB Cpeay HaceJeHUs. DTO MOAUYEPKUBAET
HEOOXOAUMOCTb TJIYOOKOTO MCCJIENOBAHUSI TPEBOXHOCTH,
€€ KOMITOHEHTOB U MMaTOreHe3a, B TOM YMCJIEe POJIb T€HETHU-
yeckux (hakKTOpOB B ITUOJOTUU 3ab0sieBaHUS. YUUTbHIBaS,
YTO TPEBOXHbBIE PACCTPONCTBA MOTYT 3HAYUTENBHO YXYII-
1IaTh KaYeCTBO XW3HU UHAUBUIA, OTPAHUYUBATh €ro Mpo-
(heccuoHaNbHYIO aIaNTaALMIO U COLMATbHOE (DYHKIIMOHU-
pOBaHUE, a TaKXXe CMOCOOCTBOBATH PA3BUTUIO KOMOPOUA-
HBIX TICUXOMATOJIOTU, aKTYaTbHOCTb TaHHOM MpodyieMaTu-
KU JJT1 HAYYHOTO U3YYEeHUSI OCTAEeTCS BHICOKOM [4].

HccnenoBaHre TeHETUYECKOW COCTAaBJSIONIEN Tpe-
BOXXHOCTU UTPAET KJIIOUEBYIO POJIb B MOHUMAaHUU MeXa-
HU3MOB Pa3BUTUS TPEBOXHBIX paccTpoiicTB. OHO He
TOJIBKO CIOCOOCTBYET BBISIBJIEHUIO OMOJIOTMYECKUX MPO-
LIECCOB, JIeXAallUX B OCHOBE 3TUX COCTOSIHUI, HO U
OTKPBIBAET ABEPU ISl pa3pabOTKX HOBBIX METOJOB Jieue-
Hug u npodunaktuku. Kpome Ttoro, umeHTudbUKALUS
TEHETUYECKUX MapKEpPOB, aCCOMUPOBAHHBIX C TPEBOXK-
HOCTbIO, OO€lllaeT 3HAUYUTEJIbHBbIE MPOPLIBBI B paHHEH
JUATHOCTUKE W OMNpeAeSIeHUU JIUL C TOBBIIIEHHBIM
PUCKOM pPa3BUTHUS TPEBOXHBIX PACCTPOMCTB.

I[ToHrumaHue reHeTUYeCcKOW MPeapacrnoaoXeHHOCTU K
TPEBOKHOCTU OTKPBIBAET MYTh K CO3AAHUIO TEPCOHATU3U-
POBAHHOU MEOUILIMHBL. DTO MOJApa3yMeBaeT pa3paboOTKy
VHAWBUIYATbHBIX MOIXOA0B K JEUEHHUIO, YTO MOXET 3Ha-
YUTEJBHO YIYYLIUTh KAaYECTBO XU3HU MAllMEHTOB 3a CUET
ONTUMU3ALNU TEPATIEBTUYECKUX CTPATETMiA U MUHUMU3A-
LU MOO0UYHBIX 3(ppekToB. Takke 3HaHWE O TEHETUYECKOI
MPeapacroloXeHHOCTU MOXET CTaTb OCHOBOW TS pa3pa-
00TKU MPOPUIAKTUYECKUX MTPOrpaMM, HAMPABICHHBIX HA
CHUXXEHME DPUCKA Pa3BUTUSL TPEBOXHBIX PACCTPOUCTB Yy
JIUL] C BBICOKUM F€HETUYECKHUM PUCKOM.

HdaHHOe wuccliefoBaHUE HAMpaBJ€HO Ha pelleHue
HECKOJIbKUX HCCIEeI0BATEIbCKMX BOMPOCOB U 3adad.
Bo-niepBbIX, OLIEHUTH CBA3b MEXAY BapuaHTaMU B FeHax
BDNF v AMPDI ¢ cuTyaTUBHOU W JIMMHOCTHOW TPEBOXK-
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Conclusion

In conclusion, our findings suggested a significant association
between the BDNF and AMPD] 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.

HOCTBhIO. BO-BTOpBIX, omucaTh BO3MOXHBIE OMOJIOTHYE-
CKMe MEXaHW3MBbI BIVSTHUST JAHHBIX TEHETUIECKUX (haKTo-
POB Ha MPOSIBJIEHNE U Pa3BUTHE TPEBOXHOCTU. B-TpeThux,
U3YYUTHh TEHETUYECKUE OCHOBBI JIMYHOCTHOW M CUTYaTUB-
HOW TPeBOXHOCTE, YTOOBI OINpENenuTh, UMEIOT T OHU
pa3Hbie TeHeTUYecKre pohuiv B CBOEH OCHOBE.

Pe3syabTaTsi

B pesynbraTe uccienoBaHus Obl1a MOATBEPXkKIEHA KOP-
PENSIMST MEXJIy TIOKa3aTeJIIMU CUTYaTUBHOW W JIMYHOCT-
HOM TPEBOXHOCTH, U3MepEeHHOM 1o 1kaie Crinibeprepa (12
= 0,72), 4TO MOATBEPKAAET CYLIECTBYIOLILYIO Tunote3y [1]
00 accoumanuu Mexay aByMsi KommoHeHTamu. lllkama
Crnimnibeprepa pasfesieT TPEBOXKHOCTb Ha JiBA OCHOBHBIX
TUTIA: CUTYaTUBHYIO (WJIM COCTOSTHUE TPEBOKHOCTH), KOTO-
past BOBHUKAET B OTBET HA KOHKPETHBIE OOCTOSITENILCTBA U
MMeeT BPEMEHHBII XapakTep, W IMYHOCTHYIO (MU TPEBOX-
HOCTb KaK 4YepTy), OTPaXalolllyl0 CTAOWIbHYIO CKJIOHHOCTh
WHIVBUA K TIEPEXKUBAHUIO TpeBOXKHOCTH. Hamune koppe-
JISIIIMU MEXKTy 3TUMU JIByMsI aCTIeKTaMU TPEBOKHOCTH TTOJI-
YEePKMBAET BaXXHOCTh B3aMMOCBSI3U MEXIY BHEIIHUMU
COOBITUSIMU ¥ BHYTPEHHE! MPEIpacIiooXeHHOCTHIO K Tpe-
Bore. DTO yKa3bIBaeT Ha TO, UTO JIIOJU C BEICOKOI TMUHOCT-
HOW TPEBOXKHOCTBIO 00Jiee CKIIOHHBI pearnpoBaTh Ha CTPec-
COBbIE CUTyallMM TIOBBIIEHHBIM YPOBHEM CUTYaTUBHOM
TPEBOXKHOCTH, YTO MOXKET IMPUBECTHU K 3aMETHOMY BIIUSTHUIO
Ha UX TIOBCEIHEBHYIO KU3Hb U OJIArOToJTydne.

ITo pesysnbrataM MPOBEAEHHOTO T€HETUYECKOTO MCCIIe-
JIOBAHUSI acCOLMAIMi ObUIO BBISBIEHO, UTO CYIIECTBYET
CTaTUCTUYECKM 3HauuMMmasl CBs3b Mexny reHom BDNF u
JIMYHOCTHOM TPEBOXKHOCTBIO; HAJTMYKE PELIECCUBHOTO aJljie-
JISI B TEHOTUTIE WHAWBU/IA TTOBBIIIAET YPOBEHB JIMUHOCTHOU
TpeBoxxHocTU Ha 0,4 6asina no mikane Cnwideprepa. JlaHHas
acconmaiusi Obi1a 3aUKCUPOBaHA WMCKITIOUUTENBHO ISt
JIMYHOCTHOTO KOMITOHEHTA TPEBOXXHOCTU M HE TIOATBEP/IH -
JIaCh JUISi CUTYaTUBHOTO KOMITOHEHTA.

AHaJIN3 TeHETUYECKUX acCOLMalUil C ypOBHEM CUTya-
TUBHOM TPEBOXHOCTU OOHAPYXWJI CTATUCTUIECKUN 3HAUM-
MYI0 accolmainuio ¢ reHom AMPDI; xonusl pelieCCUBHOTO
aJutesisl 9TOTO TeHa CBsi3aHa C TeHETUYeCKU-00YyCIOBIIEH-
HBIM 00JIee BBICOKMM YPOBHEM CUTYaTUBHOU TPEBOKHOCTHU
(0,3 6anna no mkane Cnuiadeprepa). JaHHas accoluanus
TOATBEPANIACH NCKITIOUUTETHLHO ISl CUTYaTMBHOTO KOM-
TIOHEHTA U He MPOCJIeKMBAJIACH [IJIS1 JMYHOCTHOTO KOMIIO-
HEHTa TPEBOKHOCTH.
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AccolaliiM pa3HbIX TEHOB C JBYMSI KOMITOHEHTaMU
TPEBOKHOCTH MPENIIONIAraloT pa3Hble OMOJIOTUIECKUE ITyTH,
3aJIelICTBOBAaHHbBIE B 3THOJIOTMM TPEBOXKHBIX PACCTPOIMCTB.
HecmoTtpst Ha cpaBHUTENTHLHO BBICOKUI KOI(DMUIIMEHT KOP-
peJIIIIMM MEXTy CUTYaTUBHOW W JIMYHOCTHON TPEBOXKHO-
CTbI0, BAPUATUBHOCTb 3TUX ITPU3HAKOB YACTUIHO OOBSICHSI-
€TCsl He3aBUCUMBIMU TeHETUIECKUMM (paKTopamu.

O0cyxKaeHue pe3yaIbTaToB

Acconmanyg reHa BDNF ¢ TMYHOCTHON TPeBOKHOCTHIO
MOATBEPXKIAEeT TUIOTE3Y O TOM, UTO OoJsiee HU3Kas IKCIpec-
cust BDNF moxeT ObITh cBsI3aHa ¢ 00J1ee BbICOKUM YPOBHEM
TpeBoxxHocT. BDNF — 310 HeiipoTpoduH, urparoimuit
BAXXKHEWUIIYIO POJIb B HEMPOTUIACTUYHOCTHA MO3ra U BbIKMBa-
HUU HeilpoHoB. [Ipenpinyniue nccaenoBaHus MOKa3aIu, 4YTo
BDNF yuacTByeT B MaTo(hU3MOJIOTUU PA3TUYHBIX IICUXUYE-
CKMX PacCTpOMCTB, BKJItOUasi TPEBOXKHBIE paccTpoiicTBa [J].
ITonyyeHHbIe NaHHBIE COIJIACYIOTCS C pe3yJbTaTaMU 3TUX
HUCCIENOBAHUI U TMO3BOJISIOT MPEANOJIOXUTh, YTO HUBKUUI
ypoBeHb BDNF neiicTBUTEIbHO MOXKET CHOCOOCTBOBATH
YCWJIEHUIO CUMIITOMOB TPEBOXHOCTH.

OQHUM U3 OCHOBHBIX HAOJIONEHUI HAIIeTo MCCIeno-
BaHUS CTajia 00paTHas 3aBUCUMOCTb MEXIY BbIPAXKEHHO-
ctbto BDNF u ypoBHeM TpeBOXHOCTU. YUYaCTHUKU C
TeHEeTUYECKU OOYCJIOBJIIEHHBIM HU3KUM ypoBHeM BDNF
JEMOHCTPUPOBAIU 00Jiee BHICOKME MTOKA3aTequ T0 IIKale
U3MEpPeHUs JIMYHOCTHOM TPEBOXHOCTU. DTa TEHIACHIUS
Mo3BoJIsSIeT TpeanoaoxuTtb, yto BDNF MoxeT wurpathb
3alIUTHYIO POJIb MPOTUB TPEBOXHOCTU, a €ro AeduiuT
MOTEHUUATIBHO MOXET MPUBOAUTH K MOBBIIEHUIO YPOBHS
TPEBOXHOCTH.

Pesynbratel uccaenoBaHUsI BBISBWIM 3HAYUTEIbHYIO
CBSI3b MEXY TeHETUYECKU 00YCIIOBIEHHBIM HU3KHUM YPOB-
HEM alleHO3MHA U TOBBIIIEHUEM YPOBHSI CUTYyaTMBHOU
TPEBOKHOCTU. DTO COMIACYETCS C MPEAbIAYIIUMU KUCCIe-
JIOBaHUSMU, MPEAIoaraloliuMu, YTO aeHO3UH, HEpo-
MOJIYJISITOP C TOPMO3HBIM JE€UCTBUEM B LEHTPaJIbHOU
HEPBHOM cuUCTEMe, UTPAET PEeIatoUIy0 POJIb B MOLYISIIAN
TMOBEIEeHHS, CBI3aHHOTO C TPEBOXXHOCTHIO.

Casa3b reHa AMPDI ¢ TpeBOXHOCTBIO MOATBEPKAAET
aJICHO3UHOBYIO Teoputo. M3BECTHO, YTO afieHO3UH OIOCpe-
JyeT HECKOJIbKO (PU3UOJOTMYECKUX MPOLECCOB, BKIOYAs
COH, BO30yXJeHUe U peaklnio Ha cTpecc. Hamm pesysbra-
ThI ITOKA3bIBAIOT, YTO A€DULIUT aAeHO3MHA MOXET HapyIllaTh
5TU MPOLIECCHI, MPUBOJS K YCWIEHUIO PEaKIIMU Ha CTPECCO-
Bble (DaKTOPBI. DTO MOXKET ObITh CBSI3aHO C HapYLIEHUEM
HEUPOHHBIX MPOLIECCOB BO30YXIEHUS U TOPMOXKEHUS, UTO
BIOCJIEICTBUM CTAHOBUTHCS MAaTO(PU3UOJIOTMYECKUM UHIU-
KaTOPOM Pa3BUTHUS TPEBOXHBIX PACCTPOMCTB.

MHTepecHO, YTO HaIllM Pe3yabTaThl TAKXKE CBUIETENb-
CTBYIOT O TOM, YTO BJIMSIHUE aJ€eHO3WHA Ha YPOBEHb Tpe-
BOXXHOCTU MOXET OBITh CBSI3aHO C KOHLIEHTpAaIlMel afeHO-
3uHa B IHC: reHeTHUeCK1-00yCNOBIEHHBI HU3KUI YpO-
BEHb aJieHO3MHA CBS3aH C 00Jiee BHICOKUM YPOBHEM Tpe-
BOXXHOCTH, B TO BpeMsI KaK YMEPEHHBII U BBICOKUIA YPOBHU
OKa3bIBAIOT aHKCUOJIUTHUYECKOe aeicTBue [1].

OpHako, HECMOTpsl Ha MHOrooOelIaolIUi  XapakTep
HaIIMX Pe3y/IbTaTOB, BAXKHO OTMETUTh, UTO aCCOLIUALIMS TEHOB
BDNFwu AMPD] c ypoBHEM CUTYaTUBHOI U TMYHOCTHOM Tpe-
BOXHOCTH SIBJISIETCSI MAJIEHBKUM (PparMeHTOM KOMILIEKCHOM
TEHETUYECKOI apXUTEKTYpPbl TPEBOXXHBIX PACCTPOCTB. B 1aH-
HOM HCCJIEIOBAHUM He Opajloch BO BHUMAHUE BJIUSHUE MPO-
YUX TeHETUYECKUX (DaKTOPOB, B TOM YHCIIE PETYIUPYIOLINX
skcnpeccuto reHoB BDNFu AMPD 1, a Takxe He OLIeHUBAJTUCH
cTpeccoBble (DAKTOPBI OKpYKAIOLIEH cpelbl, B3aUMOAEHCTBIUS
WU Ipyre HEHPOXUMUYECKUE AUCOATAHChI, KOTOPbIE TAaKXKe
MOTYT UTPaTh POJIb B MOIYJISILIUUA YPOBHS TPEBOXKHOCTU.

Kpowme Toro, B HallleM UCCIeNOBAHUU HE pacCMaTpUBa-
JIUCh KOHKPETHBbIE MEXaHU3MBbI, C TOMOIIbI KOTOPBIX
reHbl BDNF v AMPDI MoOryT BAUSTb Ha TPEBOXHOCTD.
[Tpenpiayiue uccienoBanus nmokasanu, 4to BDNF moxert
BJIUSITh HA TPEBOXHOCTh MOCPEICTBOM BO3ACUCTBUS Ha
TaKue CTPYKTYpbl MO3ra, KaK TMIIOKaMIl U MUHIAJIUHA,
KOTOpbIE TPUHUMAIOT BaXKHENIlIee yJacTue B peakilui Ha
CTpECC U perysiiuu aMouuii. Hanpotus, anieHO3UH BIUSI-
€T Ha TPEBOXHOCTb Yepe3 HECKOJbKO MOTEHIIMATbHBIX
OMOJOTUYECKHUX TyTeH, B MEPBYIO OYepeab Yepe3 B3auMO-
NIECTBME C alleHO3WMHOBBIMU peliernropamMu B Mosre [1].
Bynyumve uccnenoBaHusi AOKHBI ObITh HANpaBieHbl Ha
JajbHelee u3ydyeHue J1eTePMUHAHTOB TPEBOXHOCTH.

Ethics Statement. The study was approved by Bioethical Committee of the Sirius University of Science and Technology

(Extract from the protocol dated 14.07.2023).

Heknapamust 06 atuke. MccienoBanue 6b110 ogodbpeHo KomuteTrom nmo 6uosatruke HaydHO-TEXHOJIOIMYECKOTo YHU-

Bepcureta «Cupuyc» (BeINUCKa U3 npotokoja 14.07.2023).
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