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Abstract
AIM. The relationship between psychosomatic diseases and inflammatory diseases of periodontal 
tissues, depending on the constant action of stressors on the human body, and the increased virulence of 
periodontopathogenic organisms in patients with psychiatric disorders.
MATERIALS AND METHODS. Current information in the electronic databases Google Scholar and PubMed was 
examined through a systematic literature review. Articles with content related to the influence of psychosomatic 
diseases and constant stress on the increase in virulence of periodontopathogenic microorganisms were 
selected and included.
RESULTS. A total of 271 publications were reviewed. After analyzing the literature according to the inclusion 
criteria, the final number was 58.
CONCLUSIONS. Based on the analyzed data, in patients with psychosomatic diseases and chronic stress, 
the oral microflora becomes favorable for the active growth of periodontopathogenic microorganisms. In 
response to the introduction of these bacteria and their virulence factors, chronic inflammation is observed in 
periodontal tissues, cells secrete IL-1α, IL-1β, IL-6, IL-17, IL-10, TNF-α, which decrease the body’s resistance 
to periodontopathogens. This group of patients has an increased amount of catecholamines in the blood, 
which increase the virulence of bacteria such as P. Gingivalis, which are the main ones in the pathogenesis of 
inflammatory diseases of periodontal tissues. High concentration of cortisol reduces the activity of immune 
cells, changing the balance of T-helper and T-suppressors and making the body more susceptible to various 
infections.
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Резюме
ЦЕЛЬ. Исследование взаимосвязи между психосоматическими заболеваниями и воспалительными 
заболеваниями пародонта, в зависимости от постоянного действия стрессоров на организм челове-
ка, а также повышенной вирулентности пародонтопатогенных микроорганизмов у пациентов с психи-
ческими расстройствами.
МАТЕРИАЛЫ И МЕТОДЫ. Путем систематического обзора литературы были изучены данные из элек-
тронных баз Google Scholar и PubMed. Были отобраны статьи, содержащие информацию о влиянии 
психосоматических расстройств и хронического стресса на повышение вирулентности пародонтопа-
тогенных микроорганизмов.
РЕЗУЛЬТАТЫ. Всего было проанализировано 271 публикация. После применения критериев включе-
ния в итоговый анализ вошли 58 публикаций.
ВЫВОДЫ. На основании анализа данных у пациентов с психосоматическими расстройствами и хро-
ническим стрессом микрофлора полости рта становится благоприятной для активного роста паро-
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донтопатогенных микроорганизмов. В ответ на внедрение бактерий и их вирулентных факторов в тка-
нях пародонта наблюдается хроническое воспаление, клетки секретируют IL-1α, IL-1β, IL-6, IL-17, IL-10, 
TNF-α, что снижает сопротивляемость организма к пародонтопатогенам. У этой группы пациентов 
в  крови наблюдается повышенное содержание катехоламинов, усиливающих вирулентность таких 
бактерий, как P. Gingivalis, которые играют ключевую роль в патогенезе воспалительных заболеваний 
пародонта. Высокие концентрации кортизола подавляют активность иммунных клеток, нарушая ба-
ланс Т-хелперов и Т-супрессоров и делая организм более восприимчивым к инфекциям.

Ключевые слова: пародонтит, психосоматические заболевания, стресс, пародонтопатогены, виру-
лентность, цитокины, катехоламины, кортизол, нейропептиды
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INTRODUCTION
The gingival sulcus microflora is a highly sensitive in-

dicator system, disturbance of its composition creates 
dysbiosis either as a result of overgrowth of specific or 
non-specific microorganisms or as a result of changes 
in local host response, where periodontopathogenic 
bacteria can maintain a disease state [1]. Dysbiosis 
provides a link between the patient’s systemic diseas-
es and members of the oral microflora and can lead to 
periodontal tissue destruction [2].

Periodontitis is an inflammatory-dystrophic pro-
cess in the periodontium, arising under the influence of 
nonspecific and specific factors [3]. In the pathogen-
esis of this disease, special attention should be paid 
to the relationship between conditionally pathogenic 
microorganisms of dental plaque and the patient’s or-
ganism [4]. Including the realisation of pathogenic ac-
tion of microorganisms depends on their number and 
virulence, resistance factors of the organism and its 
immune status [5]. Periodontopathogenic microorga- 
nisms act as mediators that initiate the inflammatory re-
action in periodontal tissues, whose cells secrete pro-
inflammatory mediators. This interaction, in general, 
reflects the overall condition of the host organism – the 
patient with periodontitis. These relationships are par-
ticularly strongly influenced by generalised diseases, 
the patient’s socioeconomic status, bad habits such as 
smoking, and psychological stress [6].

Despite the fact that periodontitis is commonly con-
sidered a disease of aging [7], at the moment the most 
common psychosomatic diseases among the popu-
lation are psychosomatic diseases, such as: gastric 
and duodenal ulcers, essential arterial hypertension, 
coronary heart disease, rheumatoid arthritis, bronchial 
asthma, autonomic disorders, etc. [8; 9]. The main fac-
tor in the occurrence and progression of this group of 
diseases is emotional tension, i.e. stress, which make 
the human body more susceptible to many diseases, 
including those affecting periodontal tissues [10]. Many 
studies and clinical data have already been collected 
on the relationship between the psychological status of 
the patient and periodontal disease, which will be dis-
cussed in this article [11; 12].

AIM
To analyse the relationship between psychosomatic 

diseases and inflammatory diseases of periodontal tis-
sues, depending on the constant action of stressor fac-
tors on the human body, as well as the increased viru-
lence of periodontopathogenic organisms in patients 
with psychiatric disorders.

MATERIALS AND METHODS
PISO question: What mechanisms in patients with 

psychosomatic disorders/chronic stress complicate 
the course of periodontitis?

 *Population*: Periodontitis in people with psycho-
somatic disorders/chronic stress.

 *Comparison*: Immune defence disorders in pa-
tients with psychosomatic disorders.

 *Correlation*: Effect of stress hormones on the ac-
tivity of periodontopathogens.

 *Results*: Increased virulence of periodontopa- 
thogens against the background of immune system 
imbalance and increased levels of stress-related hor-
mones.

Examination of publications obtained by searching 
the electronic databases Endodontics Today, Google 
Scholar, PubMed, and prearticle reference lists was 
done through a systematic literature review.

Inclusion criteria: Inclusion Articles published in 
the English / Russian language or those having a sum-
mary in English; case series; randomized controlled  
trials; randomized experimental trials. 

The articles are based on the following:
1. Influence of acute emotional-pain stress on the 

state of periodontal tissues.
2. Peculiarities of oral microbiome in various psy-

chosomatic diseases.
3. Specific periodontopathogenic microorganisms.
4. Increase in blood catecholamines and their effect 

on anaerobic bacteria.
5. The effect of stress hormones on the growth of se-

lected bacterial species.
6. Evaluation of the association between potential 

stress markers and periodontal tissue health.

https://doi.org/10.36377/ET-0061
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RESULTS
A total of 271 publications were reviewed (203 – Pub-

Med, 53 – Google Scholar, 15 – Endodontics Today). 
After analysing the papers for inclusion criteria, the final 
number of articles was 58. The studies discussed pro-
vide evidence for the influence of psychosomatic dis-
eases and constant stress on the increased virulence of 
periodontopathogenic microorganisms.

Flow diagram: 31 articles were selected after the 
selection process for final qualitative and quantitative 
analysis which has been described in the following flow 
diagram (Fig. 1).

DISCUSSION
According to statistics, people with chronic high 

levels of stress are more prone to periodontal disea- 
ses [13–15]. Stress is a confirmed and important factor 
in the etiology and development of many inflammatory 
and chronic diseases such as: rheumatoid arthritis, dia-
betes mellitus, cardiovascular diseases or periodontal 
diseases [16]. Patients with psychosomatic diseases 
have been shown to be more prone to the develop-
ment of periodontal diseases, alveolar bone loss and 
increased prevalence of generalised periodontitis.

The role of stressors in the pathogenesis of perio- 
dontitis and its treatment has been proved in the 
course of ongoing studies in patients with different 
psychological statuses, a decrease in antimicrobial 
defence in the oral cavity has been noted, which in 
turn increases the virulence of microorganisms [17]. 
Many experiments on animals have been performed, 
which prove that constant stress serves as a trigger 
mechanism for inflammation of periodontal tissues, 
manifested by radiological “eaten” bone, a decrease 
in the number of osteoblasts and the development of 
osteoporosis [18]. There was also an increase in the 
concentration of proinflammatory and proresorptive 
factors, such as interleukin 1β (IL-1β), interferon gam-
ma, osteoprotegerin [19].

Stress leads to a slowdown in connective and bone 
tissue regeneration, apical migration of multilayer epi-
thelium and periodontal pocket formation [20]. This oc-
curs under the influence of changes in the body’s de-
fences, which acquire an immunosuppressive effect, 
increasing the propensity to develop diseases.

Oral microflora reacts with quantitative and qualita-
tive disturbances in its composition under the influence 
of various risk factors, such as stress and psychoemo-
tional disorders [2; 9]. During the action of stressors, 
there is an imbalance between the representatives of 
resident microflora of the gingival groove biofilm with 
increased multiplication of specific facultative species 
of microorganisms. In addition, a stimulating effect of 
stress hormones on the synthesis of adhesive parodon-
topathogens has been established, which accelerates 
the formation of dental biofilm.

The most common periodontopathogenic micro- 
organisms are Porphyromonas gingivalis (P. gingi-
valis), Tanerella forsythia (T. forsythia), Prevotella in-
termedia (P. intermedia), Aggregatibacter actinomy-
cetemcomitans (A. actinomycetemcomitans) [21–24]. 

In response to the introduction of these bacteria, the 
following are secreted: prostaglandin E (PGEi), inter-
leukin L, IL-6; matrix metalloproteinases (MMP), etc. 
Also, these pathogens induce the release of cytokines, 
which in combination with their virulence factors cause 
chronic systemic inflammation and subsequently af-
fect neural function and alter the permeability of the 
blood-brain barrier [25]. In addition, the complement 
system will be activated, which leads to bacterial op-
sonisation.

Cytokines and other inflammatory mediators act 
as strong activators of the central stress response. 
Under their influence, glucocorticoids are released, 
which can regulate the recruitment of immune cells to 
inflamed tissues to help the body cope with psycho-
logical stress. There is an increase in pro-inflammatory 
cytokines, IL-1α, IL-1β, IL-6, IL-17, IL-10, tumour necro-
sis factor (TNF)-α and decreased expression of regen-
erative factors including basic fibroblast growth factor 
in serum and gingival sulcus [26–28]. There is an im-
balance of cytokine such as IL-1β, which deregulates 
host response as well as resistance to pathogens, ex-
acerbating the damage in chronic periodontal tissue 
lesions [29; 30].
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Fig. 1. Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Flow diagram
Рис. 1. Диаграмма потока предпочтительных 
элементов отчетности для систематических 
обзоров и метаанализов
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Also in patients with psychosomatic diseases there 
is stimulation of the hypothalamic-pituitary adrenal ad-
renal system by cytokines [31; 32]. There have been 
studies that have shown that in the gingival sulcus of 
patients with psychological illnesses there are changes 
in the growth of 43 microorganisms, especially the loca- 
lised immune response is directed towards P. Gingivalis. 
Microorganisms have the ability to recognise hormones 
within the host and use them to adapt to their environ-
ment [33]. Psychological stress is known to increase 
circulating levels of the hormones catecholamines, 
noradrenaline and adrenaline, which have been shown 
to be able to act as environmental signals to alter the 
growth of individual organisms in subgingival biofilms 
such as Fusobacterium nucleatum, Prevotella spp, Po-
rhyromonas spp., Tanerella forsythia and Propionibac-
terium acnes, and can increase the expression of viru-
lence genes such as Clostridium perfringens, Porphy-
romonas gingivalis and Brachyspira pilosicoli [34; 35].

These hormones can exert their effects on subgin-
gival organisms by initiating the production of autoindu- 
cers or simply by acting siderophore, scavenging bound 
iron from the local environment, thereby increasing the 
virulence of microorganisms. For example, P. gingivalis 
has been observed to express genes related to iron ac-
quisition (hmuR), oxidative stress (tpx, oxyR, dps, sodB 
and aphC) and pathogenesis (hem, hagA and ragA) 
upon exposure to adrenaline and noradrenaline [36]. For 
example, the Dps protein contains a ferroxidase centre 
and protects bacteria from damage by reactive oxygen 
species [37]. In many bacteria, OxyR acts as a transcrip-
tional regulator that facilitates infection by degrading hy-
drogen peroxide (H2O2) generated by the host defence 
response [38; 39]. This gene increases the resistance 
of cells to reactive oxygen species (ROS) by increasing 
their perception of their environment and maintaining 
their oxidative phosphorylation at a reasonable level to 
avoid overproduction of endogenous ROS  [40]. RagB 
has been linked to the virulence of P. gingivalis, promo- 
ting efficient growth, development of subcutaneous  
lesions and invasion of epithelial cells [41]. 

Possible that autoinducer mechanisms may play an 
important role in the response of oral microorganisms 
to stress hormones, thereby contributing to the clinical 
course of stress-associated periodontal diseases [42]. 
A study was conducted and observed a positive ef-
fect of catecholamine growth in Actinomyces naes-
lundii (+49.4%), Actinomyces gerenscseriae (+57.2%), 
Eikenella corrodens (+143.3%) and Campylobacter 
gracilis (+79.9%). Inhibitory effects were also observed 
for Porphyromonas gingivalis (–11.9%) and Bacteroides 
forsythus (–22.2%) [43].

Patients with psychosomatic diseases, first of all, 
have reduced salivary secretion, which accelerates the 
formation of dental plaque, as well as neurotransmitters 
and neuropeptides, neuroendocrine substances that 
can simulate the immune response to bacteria. Chan- 
ges in saliva pH and secretory lgA release occur, IL-1 
levels increase and oral hygiene quality decreases [44].

An experiment was conducted in which an increase 
in saliva cortisol levels, which is responsible for main-

taining the homeostasis of the organism, was also 
proved [28; 45–47]. One experiment revealed that pro-
longed high levels of cortisol can reduce the activity of 
immune cells by altering the balance of T-helper and  
T-suppressor lymphocytes and changing the functio- 
ning of Natural Killer cells [48]. In addition, increased 
cortisol may possibly favour surface translocation of 
P. gingivalis [49; 50].

Consequently, chronic psychosomatic illnesses 
may indirectly contribute to the onset and worsening 
of microbial infection and may increase pro-inflamma-
tory cytokines, in turn causing mild chronic inflamma-
tion [51; 52]. It is also possible to detect other stress 
markers in saliva: chromogranin A, α-amylase and 
β-endorphin [53–55]. It is important to highlight that 
patients with psychiatric disorders have been found 
to have increased amounts of neuropeptides such as: 
neuropeptide Y (NPY), substance P, intestinal vasoac-
tive polypeptide (VIP), calcitonin gene-related peptide 
(CGPR), insulin-like growth factor-2 (IGF-2) [56]. Many 
studies have shown a positive relationship between clin-
ical measurements of SP and NKA, demonstrating their 
influence on the severity of periodontal disease. Howe- 
ver, anti-inflammatory neuropeptides such as NPY play 
an important role in maintaining periodontal health. VIP 
is a macrophage deactivating factor that prevents the 
overproduction of pro-inflammatory factors and inhibits 
lipopolysaccharide (LPS)-induced TNF-α, IL-6 and IL-12 
production in activated macrophages [57]. This shows 
that SP and VIP play an antagonistic role in periodontal 
inflammation, but in patients with psychosomatic disea- 
ses, the balance between pro- and anti-inflammatory 
neuropeptides is disturbed, leading to the progression 
of periodontal inflammation.

CONCLUSION 
In this article, various studies have been cited and 

analysed on the effect of psychosomatic diseases and 
constant stress on increasing the virulence of periodon-
topathogenic microorganisms. Most studies show that 
periodontitis is associated with neurogenic inflammation.

After studies, it was found out that psychosomatic 
diseases, for example, gastrointestinal disorders, can 
cause inflammatory periodontal diseases [58]. Under 
the influence of stress factors, proinflammatory cy-
tokines are released, which disturb the balance of gin-
gival sulcus microflora, which, in turn, creates a favou- 
rable environment for the growth of many types of pe- 
riodontopathogenic microorganisms.

Also, patients with psychosomatic disorders have 
increased blood levels of catecholamines. Individual 
organisms from different microbial complexes differ 
in their in vitro growth responses to noradrenaline and 
adrenaline. In addition, catecholamines can increase 
the virulence of bacteria such as P. Gingivalis, which 
play a leading role in the pathogenesis of periodontitis. 
Such variations may affect the composition of the sub-
gingival biofilm in vivo in response to stress-induced 
changes in local catecholamine levels and play a signifi-
cant role in the etiology and pathogenesis of periodon-
tal disease [43]. 



105

Том 23, № 1 / 2025

В помощь практическому врачу / To help a practitioner

REFERENCES / СПИСОК ЛИТЕРАТУРЫ
1.	 Ostanina D.A., Alimukhamedova S.Sh., Mitronin A.V. 

Endodontic-periodontal continuum of tooth: Systematic 
literature review. Endodontics Today. 2024;22(1):60–65. 
(In Russ.) https://doi.org/10.36377/ET-0003

	 Останина Д.А., Алимухамедова С.Ш., Митронин А.В. 
Эндодонто-пародонтальный континуум зуба: систе-
матический обзор литературы. Эндодонтия Today. 
2024;22(1):60–65. https://doi.org/10.36377/ET-0003

2.	 Roberts F.A., Darveau R.P. Microbial protection and viru-
lence in periodontal tissue as a function of polymicrobial 
communities: symbiosis and dysbiosis. Periodontol 2000. 
2015;69(1):18–27. https://doi.org/10.1111/prd.12087

3.	 Cardoso E.M., Reis C., Manzanares-Céspedes M.C. 
Chronic periodontitis, inflammatory cytokines, and inter-
relationship with other chronic diseases. Postgrad Med. 
2018;130(1):98–104. https://doi.org/10.1080/00325481.2
018.1396876

4.	 Ushnitsky I.D., Ivanova A.A., Pinelis I.S., Yurkevich A.V., 
Mikhalchenko D.V. Modern etiological and pathogenetic as-
pects of inflammatory destructive processes of periodontal 
tissues. Endodontics Today. 2019;17(4):46–49. (In Russ.) 
https://doi.org/10.36377/1683-2981-2019-17-4-46-49

	 Ушницкий И.Д., Иванова А.А., Пинелис И.С., Юр-
кевич А.В., Михальченко Д.В. Современные этио-
логические и патогенетические аспекты воспали-
тельно-деструктивных процессов тканей пародон-
та. Эндодонтия Today. 2019;17(4):46–49. https://doi.
org/10.36377/1683-2981-2019-17-4-46-49

5.	 Dahlen G., Basic A., Bylund J. Importance of Virulence 
Factors for the Persistence of Oral Bacteria in the In-
flamed Gingival Crevice and in the Pathogenesis of Pe- 
riodontal Disease. J Clin Med. 2019;8(9):1339. https://
doi.org/10.3390/jcm8091339

6.	 Peruzzo D.C., Benatti B.B., Ambrosano G.M., Noguei- 
ra-Filho G.R., Sallum E.A., Casati M.Z., Nociti F.H. Jr. 
A  systematic review of stress and psychological fac-
tors as possible risk factors for periodontal disease. 
J Periodontol. 2007;78(8):1491–1504. https://doi.
org/10.1902/jop.2007.060371

7.	 Gorokhivsky V.N., Shnaider S.A., Skiba A.V., Tkachen-
ko  E.K. Effect of acute emotional pain stress on the  
periodontal condition of rats of different ages. Innova-
tions in Dentistry. 2017;(3-4):19–24. (In Russ.)

	 Горохивский В.Н., Шнайдер СА, Скиба А.В., Ткачен-
ко  Е.К. Влияние острого эмоционально болевого 
стресса на состояние пародонта крыс разного воз-
раста. Инновации в стоматологии. 2017;(3-4):19–24.

8.	 Graves D.T., Corrêa J.D., Silva T.A. The oral microbiota is mo- 
dified by systemic diseases. J Dent Res. 2019;98(2):148–156. 
https://doi.org/10.1177/0022034518805739

9.	 Leonov G.E., Varaeva Yu.R., Livantsova E.N., Starodubo-
va A.V. The oral microbiome in the context of systemic 
disease. Voprosy Pitaniia. 2023;92(4):6–19. (In  Russ.) 
https://doi.org/10.33029/0042-8833-2023-92-4-6-19 

	 Леонов Г.Е., Вараева Ю.Р., Ливанцова Е.Н., Старо-
дубова А.В. Особенности микробиома ротовой по-
лости при различных соматических заболевани-
ях. Вопросы питания. 2023;92(4):6–19. https://doi.
org/10.33029/0042-8833-2023-92-4-6-19

10.	Dumitrescu A.L. Psychological perspectives on the 
pathogenesis of periodontal disease. Rom J Intern Med. 
2006;44(3):241–260.

11.	Preeja C., Ambili R., Nisha K.J., Seba A., Archana V. 
Unveiling the role of stress in periodontal etiopathoge- 

nesis: an evidence-based review. J Investig Clin Dent. 
2013;4(2):78–83. https://doi.org/10.1111/jicd.12000

12.	Skallevold H.E., Rokaya N., Wongsirichat N., Rokaya D. Im-
portance of oral health in mental health disorders: An upda- 
ted review. J Oral Biol Craniofac Res. 2023;13(5):544–552.  
https://doi.org/10.1016/j.jobcr.2023.06.003 (Erratum in: 
J Oral Biol Craniofac Res. 2024;14(4):353–354. https://doi.
org/10.1016/j.jobcr.2024.05.011)

13.	Kuznetsova N.S., Kabirova M.F., Kogina E.N., Khaibul-
lina R.R. Features of dental status in young adults who 
are in a state of chronic psychoemotional stress. The 
Journal of Scientific Articles Health and Education Mil-
lennium. 2016;18(12):64–66. (In Russ.)

	 Кузнецова Н.С., Кабирова М.Ф., Когина Э.Н., Хайбул-
лина Р.Р. Особенности стоматологического статуса 
у лиц молодого возраста, находящихся в состоя-
нии хронического психоэмоционального стресса. 
Журнал научных статей здоровье и образование 
в XXI веке. 2016;18(12):64–66.

14.	Kuznetsova N.S., Kabirova M.F., Gerasimova L.P., 
Hajbullina R.R., Kogina E.N1, Miftahova Z.K THE 
Hemodynamics of periodontal tissues in young pa-
tients in a state of emotional stress. Actual Problems 
in Dentistry. 2018;14(1):37–42. (In Russ.) https://doi.
org/10.24411/2077-7566-2018-00007

	 Кузнецова Н.С., Кабирова М.Ф., Герасимова Л.П., Хай-
буллина Р.Р., Когина Э.Н., Мифтахова З.К. Показате-
ли гемодинамики тканей пародонта у лиц молодого 
возраста в состоянии психоэмоционального напря-
жения. Проблемы стоматологии. 2018;14(1):37–42. 
https://doi.org/10.24411/2077-7566-2018-00007

15.	Tuleutayeva S.T., Matsiyevskaya L.L., Ashirbekova Z.Z. 
Influence of psychoemotional condition on periodon-
tal diseases. Medicine and Ecology. 2019;(1):51–53. 
(In  Russ.) Available at: https://medecol.qmu.kz/jour/
article/view/94 (accessed: 01.12.2024).

	 Тулеутаева С.Т., Мациевская Л.Л., Аширбеко-
ва  Ж.Ж. Влияние психоэмоционального состояния 
на заболевания пародонта. Медицина и экология. 
2019;(1):51–53. Режим доступа: https://medecol.qmu.
kz/jour/article/view/94 (дата обращения: 01.12.2024).

16.	Bui F.Q., Almeida-da-Silva C.L.C., Huynh B., Trinh A., 
Liu J., Woodward J. et al. Association between peri-
odontal pathogens and systemic disease. Biomed J. 
2019;42(1):27–35. https://doi.org/10.1016/j.bj.2018.12.001

17.	Choniashvili D.Z., Tsarakhova L.N., Maskurova Yu.V., 
Tsarakhov O.A. Influence of stress on periodontal tis-
sues condition. Medical Alphabet. 2017;4(36):65–69. 
(In Russ.) Available at: https://www.med-alphabet.com/
jour/article/view/409 (accessed: 01.12.2024).

	 Чониашвили Д.З., Царахова Л.Н., Маскурова Ю.В., 
Царахов О.А. Влияние стресса на состояние тканей 
пародонта. Медицинский алфавит. 2017;4(36):65–69. 
Режим доступа: https://www.med-alphabet.com/jour/
article/view/409 (дата обращения: 01.12.2024).

18.	Petrosyan G.G., Sirak S.V., Romanenko R.G., Tarabri-
na A.G., Shchetinin E.V. Stress -induced disturbances of 
the structure of periodont tissue in experiment on animals. 
Medical news of the North Caucasus. 2018;13(1.1):73–78. 
(In Russ.) https://doi.org/10.14300/mnnc.2018.13021

	 Петросян Г.Г., Сирак С.В., Романенко Р.Г., Тарабри-
на  А.Г., Щетинин Е.В. Стресс-индуцированные на-
рушения структуры тканей пародонта в эксперимен-
те на животных. Медицинский вестник Северного 

https://doi.org/10.36377/ET-0003
https://doi.org/10.36377/ET-0003
https://doi.org/10.1111/prd.12087
https://doi.org/10.1080/00325481.2018.1396876
https://doi.org/10.1080/00325481.2018.1396876
https://doi.org/10.36377/1683-2981-2019-17-4-46-49
ttps://doi.org/10.36377/1683-2981-2019-17-4-46-49
ttps://doi.org/10.36377/1683-2981-2019-17-4-46-49
https://doi.org/10.3390/jcm8091339
https://doi.org/10.3390/jcm8091339
https://doi.org/10.1902/jop.2007.060371
https://doi.org/10.1902/jop.2007.060371
https://doi.org/10.1177/0022034518805739 
https://doi.org/10.1111/jicd.12000
https://doi.org/10.24411/2077-7566-2018-00007
https://doi.org/10.24411/2077-7566-2018-00007
https://doi.org/10.24411/2077-7566-2018-00007
https://medecol.qmu.kz/jour/article/view/94
https://medecol.qmu.kz/jour/article/view/94
https://medecol.qmu.kz/jour/article/view/94
https://medecol.qmu.kz/jour/article/view/94
https://www.med-alphabet.com/jour/article/view/409
https://www.med-alphabet.com/jour/article/view/409
https://www.med-alphabet.com/jour/article/view/409
https://www.med-alphabet.com/jour/article/view/409
https://doi.org/10.14300/mnnc.2018.13021


106

Volume 23, no. 1 / 2025

В помощь практическому врачу / To help a practitioner

Кавказа. 2018;13(1.1):73–78. https://doi.org/10.14300/
mnnc.2018.13021

19.	Korenevskaya N.A., Gorodetskaya I.V. Stress effect 
on the condition of tissues in the maxillofacial region. 
Vitebsk Medical Journal. 2009;8(3):155–163. (In Russ.)

	 Кореневская Н.А., Городецкая И.В. Влияние стрес-
са на состояние тканей челюстно-лицевой области. 
Вестник Витебского государственного медицинско-
го университета. 2009;8(3):155–163.

20.	Chandna S, Bathla M. Stress and periodontium: 
A review of concepts. J Oral Health Comm Dent. 
2010;4(Suppl. 4):17–22.

21.	Castillo D.M., Sánchez-Beltrán M.C., Castellanos  J.E., 
Sanz I., Mayorga-Fayad I., Sanz M., Lafaurie G.I. De-
tection of specific periodontal microorganisms from 
bacteraemia samples after periodontal therapy us-
ing molecular-based diagnostics. J Clin Periodontol. 
2011;38(5):418–427. https://doi.org/10.1111/j.1600-
051X.2011.01717.x

22.	Dmitrieva L.A., Atrushkevich V.G., Galieva D.T. The com-
parative analysis of microbic contents of root channels 
and periodontal pockets at patients with chronical perio- 
dontal diseases and the healthy periodontium. Endo-
dontics Today. 2010;8(2):60–62. (In Russ.) Available 
at: https://www.endodont.ru/jour/article/view/829 
(accessed: 01.12.2024).

	 Дмитриева Л.А., Атрушкевич В.Г., Галиева Д.Т. Срав-
нительный анализ микробного содержимого кор-
невых каналов и пародонтальных карманов у па-
циентов с хроническим генерализованным паро-
донтитом и при интактном пародонте. Эндодонтия 
Today. 2010;8(2):60–62. Режим доступа: https://www.
endodont.ru/jour/article/view/829 (дата обращения: 
01.12.2024).

23.	Galieva A.S., Davidovich N.V., Opravin A.S., Khar’kova O.A., 
Polivanaya E.A., Bazhukova T.A. The role of inflamma-
tory biomarkers of crevicular fluid involved in modula- 
ting of immune protection mechanisms in chronic perio- 
dontitis. I.P. Pavlov Russian Medical Biological Herald. 
2023;31(3):451–458. (In Russ.) https://doi.org/10.17816/
PAVLOVJ321217

	 Галиева А.С., Давидович Н.В., Оправин А.С., Харь-
кова О.А., Поливаная Е.А., Бажукова Т.А. Роль вос-
палительных биомаркеров десневой жидкости, 
участвующих в модулировании механизмов иммун-
ной защиты при хроническом пародонтите. Россий-
ский медико-биологический вестник имени акаде-
мика И.П. Павлова. 2023;31(3):451–458. https://doi.
org/10.17816/PAVLOVJ321217

24.	Orekhova L.Yu., Zhavoronkova M.D., Suborova T.N. 
Modern technologies of bacteriological research of per-
iodontal of spaces. Parodontologiya. 2013;18(2):9–13. 
(In Russ.)

	 Орехова Л.Ю., Жаворонкова М.Д., Суборова Т.Н. 
Современные технологии бактериологическо-
го исследования пародонтальных пространств. 
Пародонтология. 2013;18(2):9–13.

25.	Visentin D., Gobin I., Maglica Ž. Periodontal pathogens 
and their links to neuroinflammation and neurodege- 
neration. Microorganisms. 2023;11(7):1832. https://doi.
org/10.3390/microorganisms11071832

26.	Debnath M., Doyle K., Langan C., McDonald  C., Leo- 
nard B., Cannon D. Recent advances in psychoneuroim-
munology: Inflammation in psychiatric disorders. Transl 
Neurosci. 2011;2(2):121–37. https://doi.org/10.2478/
s13380-011-0019-0

27.	Decker A.M., Kapila Y.L., Wang H.L. The psychobio-
logical links between chronic stress-related diseases, 
periodontal/peri-implant diseases, and wound hea- 
ling. Periodontol 2000. 2021;87(1):94–106. https://doi.
org/10.1111/prd.12381

28.	Johannsen A., Bjurshammar N., Gustafsson A. The 
influence of academic stress on gingival inflammation. 
Int J Dent Hyg. 2010;8(1):22–27. https://doi.org/10.1111/
j.1601-5037.2009.00397.x

29.	Castro M.M.L., Ferreira R.O., Fagundes N.C.F., Almei-
da  A.P.C.P.S.C., Maia L.C., Lima R.R. Association be-
tween Psychological Stress and Periodontitis: A  Sys-
tematic Review. Eur J Dent. 2020;14(1):171–179. https://
doi.org/10.1055/s-0039-1693507

30.	Mousavijazi M., Naderan A., Ebrahimpoor M., Sadeg- 
hipoor M. Association between psychological stress 
and stimulation of inflammatory responses in periodon-
tal disease. J Dent. 2013;10(1):103–11.

31.	Boyapati L., Wang H.L. The role of stress in periodon-
tal disease and wound healing. Periodontol 2000. 
2007;44:195–210. https://doi.org/10.1111/j.1600-
0757.2007.00211.x

32.	Zhang J., Lin S., Luo L., Zhang Q., Jiao Y., Liu W. Psy-
chological stress: neuroimmune roles in periodontal 
disease. Odontology. 2023;111(3):554–564. https://doi.
org/10.1007/s10266-022-00768-8

33.	Niu L., Gao M., Wen S., Wang F., Shangguan H., Guo Z. 
et al. Effects of catecholamine stress hormones nor-
epinephrine and epinephrine on growth, antimicro-
bial susceptibility, biofilm formation, and gene ex-
pressions of enterotoxigenic Escherichia coli. Int J 
Mol Sci. 2023;24(21):15646. https://doi.org/10.3390/
ijms242115646

34.	Boyanova L. Stress hormone epinephrine (adrenaline) 
and norepinephrine (noradrenaline) effects on the 
anaerobic bacteria. Anaerobe. 2017;44:13–19. https://
doi.org/10.1016/j.anaerobe.2017.01.003

35.	Jentsch H.F., März D., Krüger M. The effects of stress 
hormones on growth of selected periodontitis re-
lated bacteria. Anaerobe. 2013;24:49–54. https://doi.
org/10.1016/j.anaerobe.2013.09.001

36.	Graziano T.S., Closs P., Poppi T., Franco G.C., Cor-
telli  J.R., Groppo F.C., Cogo K. Catecholamines pro-
mote the expression of virulence and oxidative stress 
genes in Porphyromonas gingivalis. J Periodontal Res. 
2014;49(5):660–669. https://doi.org/10.1111/jre.12148

37.	Tang H., Zhang Q., Han W., Wang Z., Pang S., Zhu H. 
et al. Identification of FtpA, a Dps-like protein involved 
in anti-oxidative stress and virulence in Actinobacillus 
pleuropneumoniae. J Bacteriol. 2022;204(2):e0032621. 
https://doi.org/10.1128/JB.00326-21

38.	Guo F., Quan R., Cui Y., Cao X., Wen T., Xu F. Effects of 
OxyR regulator on oxidative stress, Apx toxin secre-
tion and virulence of Actinobacillus pleuropneumoniae. 
Front Cell Infect Microbiol. 2024;13:1324760. https://doi.
org/10.3389/fcimb.2023.1324760

39.	Wang J., Liu J., Zhao Y., Sun M., Yu G., Fan J. et al. OxyR 
contributes to virulence of Acidovorax citrulli by regula- 
ting anti-oxidative stress and expression of flagellin FliC 
and type IV pili PilA. Front Microbiol. 2022;13:977281. 
https://doi.org/10.3389/fmicb.2022.977281

40.	Ma Y., Guo F., Zhang Y., Sun X., Wen T., Jiang W. OxyR-like 
improves cell hydrogen peroxide tolerance by partici-
pating in monocyte chemotaxis and oxidative phospho-
rylation regulation in Magnetospirillum Gryphiswaldense 

https://doi.org/10.14300/mnnc.2018.13021
https://doi.org/10.14300/mnnc.2018.13021
https://doi.org/10.1111/j.1600-051X.2011.01717.x
https://doi.org/10.1111/j.1600-051X.2011.01717.x
https://www.endodont.ru/jour/article/view/829 
https://www.endodont.ru/jour/article/view/829
https://www.endodont.ru/jour/article/view/829
https://doi.org/10.17816/PAVLOVJ321217
https://doi.org/10.17816/PAVLOVJ321217
https://doi.org/10.17816/PAVLOVJ321217
https://doi.org/10.17816/PAVLOVJ321217
https://doi.org/10.3390/microorganisms11071832
https://doi.org/10.3390/microorganisms11071832
https://doi.org/10.2478/s13380-011-0019-0
https://doi.org/10.2478/s13380-011-0019-0
https://doi.org/10.1111/prd.12381
https://doi.org/10.1111/prd.12381
https://doi.org/10.1111/j.1601-5037.2009.00397.x
https://doi.org/10.1111/j.1601-5037.2009.00397.x
https://doi.org/10.1055/s-0039-1693507
https://doi.org/10.1055/s-0039-1693507
https://doi.org/10.1111/j.1600-0757.2007.00211.x
https://doi.org/10.1111/j.1600-0757.2007.00211.x
https://doi.org/10.1007/s10266-022-00768-8
https://doi.org/10.1007/s10266-022-00768-8
https://doi.org/10.3390/ijms242115646
https://doi.org/10.3390/ijms242115646
https://doi.org/10.1016/j.anaerobe.2017.01.003
https://doi.org/10.1016/j.anaerobe.2017.01.003
https://doi.org/10.1016/j.anaerobe.2013.09.001
https://doi.org/10.1016/j.anaerobe.2013.09.001
https://doi.org/10.1111/jre.12148
https://doi.org/10.1128/JB.00326-21
https://doi.org/10.3389/fcimb.2023.1324760
https://doi.org/10.3389/fcimb.2023.1324760
https://doi.org/10.3389/fmicb.2022.977281


107

Том 23, № 1 / 2025

В помощь практическому врачу / To help a practitioner

MSR-1. J Biomed Nanotechnol. 2021;17(12):2466–2476. 
https://doi.org/10.1166/jbn.2021.3205

41.	Potempa J., Madej M., Scott D.A. The RagA and 
RagB proteins of Porphyromonas gingivalis. Mol Oral 
Microbiol. 2021;36(4):225–232. https://doi.org/10.1111/
omi.12345

42.	Roberts A., Matthews J.B., Socransky S.S., Free-
stone  P.P., Williams P.H., Chapple I.L. Stress and the 
periodontal diseases: growth responses of periodon-
tal bacteria to Escherichia coli stress-associated au-
toinducer and exogenous Fe. Oral Microbiol Immunol. 
2005;20(3):147–153. https://doi.org/10.1111/j.1399-
302X.2004.00196.x

43.	Roberts A., Matthews J.B., Socransky S.S., Free-
stone  P.P., Williams P.H., Chapple I.L. Stress and the 
periodontal diseases: effects of catecholamines on the 
growth of periodontal bacteria in vitro. Oral Microbiol 
Immunol. 2002;17(5):296–303. https://doi.org/10.1034/
j.1399-302x.2002.170506.x

44.	Reners M., Brecx M. Stress and periodontal disease. Int 
J Dent Hyg. 2007;5(4):199–204. https://doi.org/10.1111/
j.1601-5037.2007.00267.x

45.	Corridore D., Saccucci M., Zumbo G., Fontana E., Lamaz-
za L., Stamegna C. et al. Impact of stress on periodontal 
health: Literature revision. Healthcare. 2023;11(10):1516. 
https://doi.org/10.3390/healthcare11101516

46.	Decker A., Askar H., Tattan M., Taichman R., Wang H.L. 
The assessment of stress, depression, and inflammation 
as a collective risk factor for periodontal diseases: 
a systematic review. Clin Oral Investig. 2020;24(1):1–12. 
https://doi.org/10.1007/s00784-019-03089-3

47.	Johannsen A., Rylander G., Söder B., Asberg M. Dental 
plaque, gingival inflammation, and elevated levels of in-
terleukin-6 and cortisol in gingival crevicular fluid from 
women with stress-related depression and exhaus-
tion. J Periodontol. 2006;77(8):1403–1409. https://doi.
org/10.1902/jop.2006.050411

48.	Mesa F., Magán-Fernández A., Muñoz R., Papay-
Ramírez L., Poyatos R., Sánchez-Fernández E. et al. Ca- 
techolamine metabolites in urine, as chronic stress bio-
markers, are associated with higher risk of chronic perio-
dontitis in adults. J Periodontol. 2014;85(12):1755–1762. 
https://doi.org/10.1902/jop.2014.140209

49.	Kim H.M., Rothenberger C.M., Davey M.E. Cortisol 
Promotes Surface Translocation of Porphyromonas 

gingivalis. Pathogens. 2022;11(9):982. https://doi.
org/10.3390/pathogens11090982

50.	Moradali M.F., Ghods S., Angelini T.E., Davey M.E. Amino 
acids as wetting agents: surface translocation by Por-
phyromonas gingivalis. ISME J. 2019;13(6):1560–1574. 
https://doi.org/10.1038/s41396-019-0360-9

51.	D’Ambrosio F., Caggiano M., Schiavo L., Savarese  G., 
Carpinelli L., Amato A. et al. Chronic stress and depression 
in periodontitis and peri-implantitis: A narrative review on 
neurobiological, neurobehavioral and immune-microbi-
ome interplays and clinical management implications. Dent 
J. 2022;10(3):49. https://doi.org/10.3390/dj10030049

52.	Duran-Pinedo A.E., Solbiati J., Frias-Lopez J. The effect 
of the stress hormone cortisol on the metatranscrip-
tome of the oral microbiome. NPJ Biofilms Microbiomes. 
2018;4:25. https://doi.org/10.1038/s41522-018-0068-z

53.	Agarwal P., Bhattacharya H.S., Rastogi P., Agarwal 
M.C., Agarwal A. Evaluation of association between po-
tential stress markers and periodontal health in medi-
cal and dental students: A questionnaire-based study. 
Natl J Maxillofac Surg. 2022;13(1):90–94. https://doi.
org/10.4103/njms.NJMS_101_19

54.	Lee Y.H., Suk C., Shin S.I., Hong J.Y. Salivary cortisol, dehy-
droepiandrosterone, and chromogranin A levels in patients 
with gingivitis and periodontitis and a novel biomarker for 
psychological stress. Front Endocrinol. 2023;14:1147739. 
https://doi.org/10.3389/fendo.2023.1147739

55.	Rai B., Kaur J., Anand S.C., Jacobs R. Salivary stress 
markers, stress, and periodontitis: a pilot study. 
J Periodontol. 2011;82(2):287–292. https://doi.
org/10.1902/jop.2010.100319

56.	Sadiqa A., Khan M.K. Mediators of Periodontitis com-
plementing the development of Neural Disorders. 
Pak J Med Sci. 2024;40(1Part-I):214–221. https://doi.
org/10.12669/pjms.40.1.8097

57.	Varma S.V., Varghese S., Priyadharsini V.J., Rad-
hakrishnan  J., Nair S.V. Establishing the role of neuro-
genic inflammation in the pathogenesis of periodonti-
tis: A systematic review. Cureus. 2022;14(7):e26889. 
https://doi.org/10.7759/cureus.26889

58.	Wright C.D., Heaton B., Garcia R.I., Leonard M.M., Fasa-
no A., McNeil D.W. Gastrointestinal distress as a potential 
mediator between stress and periodontal inflammation. 
Community Dent Oral Epidemiol. 2023;51(6):1250–1257. 
https://doi.org/10.1111/cdoe.12889

INFORMATION ABOUT THE AUTHORS
Zurab S. Khabadze – Dr. Sc. (Med.), Associate Professor, Department of Therapeutic Dentistry, Medical Institute, 
Peoples’ Friendship University of Russia named after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., 
Moscow 117198, Russian Federation; https://orcid.org/0000-0002-7257-5503
Mariya V. Kostinskaya – Laboratory Assistant, Department of Therapeutic Dentistry, Peoples’ Friendship University of 
Russia named after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., Moscow 117198, Russian Federation; 
https://orcid.org/0009-0001-3172-877X
Eliso M. Kakabadze – Student, Medical Institute, Peoples’ Friendship University of Russia named after Patrice Lumumba 
(RUDN University), 6 Miklukho-Maklaya Str., Moscow 117198, Russian Federation; https://orcid.org/0000-0003-2948-9586
Nikita A. Dolzhikov – Laboratory Assistant, Department of Therapeutic Dentistry, Peoples’ Friendship University of Russia 
named after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., Moscow 117198, Russian Federation; https://
orcid.org/0009-0006-3781-363X
Fikret V. Badalov – Assistant, Department of Therapeutic Dentistry, Medical Institute, Peoples’ Friendship University of 
Russia named after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., Moscow 117198, Russian Federation; 
https://orcid.org/0009-0008-9517-4682
Ahmad Wehbe – Assistant, Department of Therapeutic Medical Institute, Peoples’ Friendship University of Russia named 
after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., Moscow 117198, Russian Federation; https://orcid.
org/0000-0002-0658-6028

https://doi.org/10.1166/jbn.2021.3205
https://doi.org/10.1111/omi.12345
https://doi.org/10.1111/omi.12345
https://doi.org/10.1111/j.1399-302X.2004.00196.x
https://doi.org/10.1111/j.1399-302X.2004.00196.x
https://doi.org/10.1034/j.1399-302x.2002.170506.x
https://doi.org/10.1034/j.1399-302x.2002.170506.x
https://doi.org/10.1111/j.1601-5037.2007.00267.x
https://doi.org/10.1111/j.1601-5037.2007.00267.x
https://doi.org/10.3390/healthcare11101516
https://doi.org/10.1007/s00784-019-03089-3
https://doi.org/10.1902/jop.2006.050411
https://doi.org/10.1902/jop.2006.050411
https://doi.org/10.1902/jop.2014.140209
https://doi.org/10.3390/pathogens11090982
https://doi.org/10.3390/pathogens11090982
https://doi.org/10.1038/s41396-019-0360-9
https://doi.org/10.3390/dj10030049
https://doi.org/10.1038/s41522-018-0068-z
https://doi.org/10.4103/njms.NJMS_101_19
https://doi.org/10.4103/njms.NJMS_101_19
https://doi.org/10.3389/fendo.2023.1147739
https://doi.org/10.1902/jop.2010.100319
https://doi.org/10.1902/jop.2010.100319
https://doi.org/10.12669/pjms.40.1.8097
https://doi.org/10.12669/pjms.40.1.8097
https://doi.org/10.7759/cureus.26889
https://doi.org/10.1111/cdoe.12889
https://orcid.org/0000-0002-7257-5503
https://orcid.org/0009-0001-3172-877X
https://orcid.org/0000-0003-2948-9586
https://orcid.org/0009-0006-3781-363X
https://orcid.org/0009-0006-3781-363X
https://orcid.org/0009-0008-9517-4682
https://orcid.org/0000-0002-0658-6028
https://orcid.org/0000-0002-0658-6028


108

Volume 23, no. 1 / 2025

В помощь практическому врачу / To help a practitioner

Adam Yu. Umarov – Resident, Department of Therapeutic Dentistry, Medical Institute, Peoples’ Friendship University of 
Russia named after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., Moscow 117198, Russian Federation; 
https://orcid.org/0009-0005-6327-4492

ИНФОРМАЦИЯ ОБ АВТОРАХ
Хабадзе Зураб Суликоевич – д.м.н., доцент, ФГАОУ ВО «Российский университет дружбы народов им. Патриса Лу-
мумбы»; 117198, Российская Федерация, г. Москва, ул. Миклухо-Маклая, д. 6; https://orcid.org/0000-0002-7257-550 
Костинская Мария Вячеславовна – лаборант, ФГАОУ ВО «Российский университет дружбы народов им. Патриса 
Лумумбы»; 117198, Российская Федерация, г. Москва, ул. Миклухо-Маклая, д. 6; https://orcid.org/0009-0001-3172-877X
Какабадзе Элисо Малхазовна – студент, ФГАОУ ВО «Российский университет дружбы народов им. Патриса Лу-
мумбы»; 117198, Российская Федерация, г. Москва, ул. Миклухо-Маклая, д. 6; https://orcid.org/0000-0003-2948-9586
Должиков Никита Александрович – лаборант, ФГАОУ ВО «Российский университет дружбы народов им. Патриса 
Лумумбы»; 117198, Российская Федерация, г. Москва, ул. Миклухо-Маклая, д. 6; https://orcid.org/0009-0006-3781-363X
Бадалов Фикрет Витальевич – ассистент, ФГАОУ ВО «Российский университет дружбы народов им. Патриса Лу-
мумбы»; 117198, Российская Федерация, г. Москва, ул. Миклухо-Маклая, д. 6; https://orcid.org/0009-0008-9517-4682
Вехби Ахмад – ассистент, ФГАОУ ВО «Российский университет дружбы народов им. Патриса Лумумбы»; 117198, 
Российская Федерация, г. Москва, ул. Миклухо-Маклая, д. 6; https://orcid.org/0000-0002-0658-6028 
Умаров Адам Юнусович – клинический ординатор, ФГАОУ ВО «Российский университет дружбы народов им. Па-
триса Лумумбы»; 117198, Российская Федерация, г. Москва, ул. Миклухо-Маклая, д. 6; https://orcid.org/0009-0005-
6327-4492

AUTHOR’S CONTRIBUTION
Zurab S. Khabadze – has made a substantial contribution to the concept or design of the article; revised the article critically 
for important intellectual content; approved the version to be published. 
Mariya V. Kostinskaya – has made a substantial contribution to the concept or design of the article; the acquisition, analysis, 
or interpretation of data for the article; drafted the article; approved the version to be published. 
Eliso M. Kakabadze – has made a substantial contribution to the concept or design of the article; the acquisition.
Nikita A. Dolzhikov – analysis or interpretation of data for the article; drafted the article, revised the article critically for 
important intellectual content.
Fikret V. Badalov – drafted the article, revised the article critically for important intellectual content, draft final correction.
Ahmad Wehbe – drafted the article, revised the article critically for important intellectual content, draft final correction.
Adam Yu. Umarov – analysis or interpretation of data for the article; drafted the article, revised the article critically for 
important intellectual content.

ВКЛАД АВТОРОВ
З.С. Хабадзе – существенный вклад в замысел и дизайн исследования, критический пересмотр статьи в части зна-
чимого интеллектуального содержания; окончательное одобрение варианта статьи для опубликования. 
М.В. Костинская – существенный вклад в замысел и дизайн исследования, сбор данных, анализ и интерпретация 
данных, подготовка статьи, окончательное одобрение варианта статьи для опубликования. 
Э.М. Какабадзе – существенный вклад в замысел и дизайн исследования, сбор данных.
Н.А. Должиков – анализ и интерпретация данных, подготовка статьи, критический пересмотр статьи в части значи-
мого интеллектуального содержания.
Ф.В. Бадалов – подготовка статьи, критический пересмотр статьи в части значимого интеллектуального содержа-
ния, финальная коррекция.
А. Вехби – подготовка статьи, критический пересмотр статьи в части значимого интеллектуального содержания, 
финальная коррекция.
А.Ю. Умаров – анализ и интерпретация данных, подготовка статьи, критический пересмотр статьи в части значимо-
го интеллектуального содержания.

https://orcid.org/0009-0005-6327-4492
https://orcid.org/0000-0002-7257-550
https://orcid.org/0009-0001-3172-877X
https://orcid.org/0000-0003-2948-9586 
https://orcid.org/0009-0006-3781-363X
https://orcid.org/0009-0008-9517-4682
https://orcid.org/0000-0002-0658-6028
https://orcid.org/0009-0005-6327-4492
https://orcid.org/0009-0005-6327-4492

