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ABSTRACT

BACKGROUND: To prevent various diseases and develop personalized treatment strategies, data are required on the immuno-
logical and hormonal changes under complex stress in respondents with different temperamental activity.

AIM: To study hormonal and immunological changes in respondents with different temperamental activity under complex
stress.

METHODS: A total of 251 volunteers were examined (46% male, mean age 35.80 + 9.48 years). Experimental groups were cre-
ated by the ratio of different types of temperamental activity, i.e. psychomotor (n = 75), intellectual (n = 59), and communicative
(n=288). Venous blood samples were drawn before and after a complex stress, including psychomotor, intellectual, and com-
munication tests. We assessed hormone levels (cortisol, epinephrine, norepinephrine, serotonin, and dopamine), genotypes
(BDNF, COMT), and cytokines (IL-4, IL-6, IL-10, TNF-a). Statistical tests included Pearson chi-square test, Wilcoxon signed-rank
test (W test), Mann—Whitney test (U test), Kruskal-Wallis test (H test), and Spearman’s rank correlation coefficient.

RESULTS: Complex stress in respondents with a predominantly psychomotor temperamental activity is associated with a de-
crease in serum cortisol (W =6.187, p < 0.001) and an increase in epinephrine (W = 4.349, p < 0.002) and IL-4 (W=3.601, p <0.01).
Changes in cortisol correlate with changes in norepinephrine (r,=0.318, p=0.006). Changes in serotonin negatively correlate
with changes in IL-6 (r,=-0.324, p=0.005). Changes in IL-6 correlate with changes in TNFa (r = 0.424, p < 0.001). IL-6 decreas-
es from 21.6 to 2.8 pg/ml (W =2.525, p =0.012). Complex stress in respondents with a predominantly intellectual temperamen-
tal activity is associated with a decrease in serum cortisol (W=5.174, p <0.001) and an increase in norepinephrine (W = 3.049,
p <0.002) and IL-4 (W=2.582, p<0.01). Changes in epinephrine correlate with changes in norepinephrine (r,= 0.382, p=0.003)
and dopamine (r, = 0.325, p = 0.012). Changes in serotonin negatively correlate with changes in IL-6 (r,= 0.264, p=0.044).
IL-10 decreases from 6.4 to 5.9 pg/ml (W = 3.313, p < 0.001). Complex stress in respondents with a predominantly communi-
cative temperamental activity is associated with a decrease in cortisol (W = 7.914, p < 0.001) and an increase in norepineph-
rine (W=3.318, p<0.002) and IL-4 (W =4.238, p <0.01). Changes in epinephrine is associated with changes in norepinephrine
(r,=0.215, p = 0.045) and cortisol (r, = 0.239, p = 0.026). IL-10 decreases from 7.1 to 6.2 pg/ml (W = 5.449, p < 0.001).
CONCLUSION: We identified special hormonal and immunological changes in the blood serum under complex stress in respon-
dents with different predominant temperamental activity.

Keywords: personalized medicine; predominant temperamental activity; stress hormones; cytokines; brain-derived neuro-
trophic factor; catechol-0-methyltransferase; complex stress.
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AHHOTALUA

060cHoBaHue. [na npodunakT1KM BOHUKHOBEHMS PasfinyHbIX 3a601eBaHWin 1 pa3paboTKM NepcoHMbULMPOBaHHbIX CTPaTeruii
WX JleYeHWs HeobXoAUMbI JaHHbIe 06 U3MEHEHUN COCTOSHUS MIMMYHHOM M FOPMOHANbHBIX CUCTEM M0J, BO3LENCTBUEM KOMIJIEKC-
HOM Harpy3Ku y pecnoHEHTOB C pasHoii TeMrepaMeHTaNnbHON aKTUBHOCTHIO.

Lienb nccnepoBanms. V3yuntb U3MeHeHUS FrOPMOHAJTbHBIX M UMMYHONOTUYECKUX NOKa3aTesen y PecroHLEHTOB C pasHol TeM-
nepaMeHTaNnbHOM aKTUBHOCTbIO MO BMSHUEM KOMMJIEKCHOI Harpy3Ku.

MeToabl. 06cnenosaH 251 pobposonel (46% MyxunH, cpepHni Bospact — 35,80+9,48 ropa). [pynnbl cpaBHeHus GpopmmpoBanm
Ha OCHOBaHWUW COOTHOLLIEHWS Pa3HbIX TUMOB aKTUBHOCTU B CTPYKTYpe TeMnepaMeHTa: NCUXOMOTOPHOI (N=75), HTeNMeKTyanbHOi
(n=59) n KoMMyHMKaTUBHO (N=88). BeHo3HyI0 KpoBb CobMpanu 4o U NOCe KOMMIEKCHOM Harpy3KK, BKITIOYALOLLLEH NCUXOMOTOp-
Hble, MHTEINEKTYaNbHbIE M KOMMyHWUKaTUBHbIe Npobbl. OLeHWBanM ypoBHU rOPMOHOB (KOPTW30J1, afipeHanuH, HopagpeHanuH,
CepPOTOHUH, AoaMuH), reHoTunoB reHos (BONF, COMT), umtokuHos (IL-4, IL-6, IL-10, TNF-a). Kputepum cTatucTudeckomn 06-
paboTky faHHbIX: xu-KkBaapart [upcoHa, W-Kputepui YunkokcoHa, U-kputepuin ManHa—-YutHu, H-kputepuin Kpackena—Yonnuca
U KoadpurumeHT Koppensumm CnnpMeHa.

Pesynbratbl. KomnnekcHas Harpyska y pecnoHfeHTOB ¢ npeobnajatoLeit NCMXOMOTOPHON aKTMBHOCTBIO TeMMepaMeHTa co-
MPOBOKAETCA CHUKEHUEM YPOBHS KOPTU30/1a B CbiBOPoTKe Kposk (W=6,187, p <0,001), poctoM ypoBHsA agpeHanuHa (W=4,349,
p <0,002) n IL-4 (W=3,601, p <0,01). N3MeHeHWe ypOBHS KOPTU30Na KOPPENIMPYET C U3MEHEHUEM YPOBHS HOpaApeHanu-
Ha (r;=0,318, p=0,006). 3MeHeHMe ypOBHs CePOTOHMHA OTpULIATENILHO KOPPENMpYeT C U3MeHeHneM ypoBHs IL-6 (r,=-0,324,
p=0,005). N3meHeHue ypoBHA IL-6 KoppenupyeT ¢ u3MeHeHneM ypoBHA TNF-a (r,=0,424, p <0,001). YpoBeHb IL-6 cHuxaeTca
¢ 21,6 oo 2,8 nr/mn (W=2,525, p=0,012). KoMnneKcHas HarpysKa y pecnoHAEHTOB C NpeobnaaatoLLeil MHTENNEKTYanbHON aKTUB-
HOCTbIO TEMMNEpPaMeHTa CONPOBOXKAAETCS CHMKEHWEM YpoBHS Koptusona (W=5,174, p <0,001), pocToM ypoBHA HopaapeHanuHa
(W=3,049, p <0,002) n yposHs IL-4 (W=2,582, p <0,01). N3meHeHe YpOBHSA afpeHannHa KOppenmpyeT ¢ M3MEHEHWEM YPOBHS
HopaapeHanuHa (r;=0,382, p=0,003) n yposHa nodammna (r,=0,325, p=0,012). M3MeHeHe ypoBHA CepOTOHMHA OTpULIATENBHO
Koppenupyer ¢ u3MeHeHneM ypoBHA IL-4 (r.=0,264, p=0,044). YposeHb IL-10 cHmxaetca ¢ 6,4 ao 5,9 nr/mn (W=3,313, p <0,001).
KoMnneKcHas Harpyska y pecrnioHAeHTOB ¢ npeobnajaroLieit KOMMYHUKAaTUBHOWM aKTUBHOCTbLI0 TEMMEpaMeHTa CONpOBOXAa-
eTCA CHUMEHMEM ypoBHs KopTusona (W=7,914, p <0,001), poctoM ypoBHA HopaapeHanuHa (W=3,318, p <0,002) n yposHs IL-4
(W=4,238, p <0,01); n3MeHeH1e YpOBHA aapeHannHa CONpsXeHo ¢ U3MeHeHWeM ypoBHA HopaapeHanuHa (r;=0,215, p=0,045)
1 ypoBHsi Koptusona (r;=0,239, p=0,026), yposeHb IL-10 chmxaetcs ¢ 7,1 fo 6,2 nr/mn (W=5,449, p <0,001).

3aksioueHme. YcTaHoBNEHbI 0COBEHHOCTU U3MEHEHWIE YPOBHSA FOPMOHANBHBIX M IMMYHONIOMMYECKMX NOKa3aTenen B CbIBOPOTKe
KpOBM Moj, BO3[ENCTBUEM KOMMJIEKCHOM Harpy3Ku Y pecroHAEHTOB C pa3Hoi npeobnajaloLien TeMnepaMeHTanbHOW aKTUB-
HOCTbH.

KnioueBble cnoBa: nepcoHanu3npoBaHHas MeAULMHA; AOMUHUPYIOLLAs TeMMepaMeHTalbHas aKTUBHOCTb; FOPMOHbI CTPECCa;
LIMTOKUHBI; HelpoTpoduuecKnin aKkTop Mo3ra; katexon-0-MeTunTpaHcdepasa; KOMMEKCHas Harpy3sKa.
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BACKGROUND

Personalized medicine, which tailors diagnostic, therapeutic,
and preventive measures to the individual patient, is current-
ly a priority in Russia [1]. Modern personalized medicine in-
volves genome-wide screening for disease prediction, gene
therapies, gene expression modification techniques, and in-
formation analysis systems to identify individual predictors
of drug therapy response [1]. Personalized medicine is only
effective when the roles of biomarkers and risk factors are
associated with the preferences and needs of the individu-
al patient and their family background, personality, expec-
tations, and doctor—patient relationship [2]. Recent studies
have focused on identifying the biological mechanisms be-
hind these factors by assessing the effect of gene polymor-
phisms in healthy individuals [3, 4]. However, the findings are
inconsistent [5] and incomplete [3].

Personalized medicine models shift focus from treating
already ill individuals to encouraging active, mindful self-
management [1]. This includes the individual's ability to deal
with stress and effectively handle problems while maintain-
ing health and fostering personal development. This ability is
called coping intelligence [6]. Temperament traits, which are
integral elements of a patient’s personality, are the biological
foundation [7, 8] for coping intelligence, which allows for ac-
tive, mindful self-management [9].

The humoral theory [10], which proposed that a temper-
ament is determined by a combination of bodily fluids [11],
was a precursor of modern concepts explaining individual
differences in temperament. lvan Sechenov established the
psychophysiology of temperament [12]. Based on Sechenov’s
studies, Ivan Pavlov defined temperament as a set of inher-
ent nervous system traits (strength, balance, and mobility)
that determine the organism'’s interactions with the environ-
ment. Strong nervous processes are associated with quick,
sustained conditioned reflexes, whereas weak nervous pro-
cesses cause rapid extreme inhibition even under minor
stress. The mobility of nervous processes refers to the time
and rate of changes in conditioned reflexes, which are quick
and easy in labile individuals and difficult in inert ones [13].

Boris Teplov described nervous system and temperament
traits as speed, the ability to maintain speed, and tension.
These characteristics are determined by a combination of ge-
netic, physiological, and biochemical factors [14]. Further-
more, Vladimir Nebylitsyn defined temperament as formal-
dynamic traits of the psyche determined by nervous system
properties. Temperamental activity (TA) is characterized by
performance (ergicity), tempo (speed), and ease of switching
from one activity to another (plasticity) [15].

Several studies have shown that temperament traits (er-
gicity, speed, and plasticity) manifest differently in psycho-
motor, intellectual, and communicative activities [16, 17]
and reveal different psychophysiological [18, 19] and bio-
chemical [20-22] correlates. A neurochemical temperament
model demonstrates that temperament traits that regulate
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psychomotor, intellectual, and communicative activities are
mediated by different sets of neurotransmitters. In particu-
lar, intellectual performance is associated with acetylcho-
line + norepinephrine, histamine, and serotonin; communi-
cative performance with estrogen, serotonin, histamine, and
oxytocin; and psychomotor performance with serotonin, ore-
xins, histamine, and some hypothalamic neuropeptides and
hormones [23]. Temperament and psychopathology are a con-
tinuum of neurophysiological imbalances [24, 25]. Depres-
sion and post-traumatic stress disorders are associated with
increased inflammatory markers [26, 27]. However, the mod-
el lacks data on immunological parameters associated with
specific temperament traits and uses mental disorders as ev-
idence base. These studies do not address other disease ar-
eas or neurophysiological imbalances resulting from stress.

Stress triggers inflammation in the central nervous and
peripheral immune systems, resulting in increased IL-1p and
IL-6 levels [28]. Neurocytokine mechanisms of catatoxic ad-
aptation induce survival under extreme conditions and psy-
chosocial stress by releasing catecholamines, IL-1, IL-4, IL-
6, IL-10, adrenocorticotropic hormone, and cortisol [29]. By
activating neurocytokine mechanisms, the immune system
remembers stressors and provides protection against them
in the future [28]. Highly sensitive individuals who struggle
to cope with social isolation exhibit increased tumor necro-
sis factor alpha (TNF-a) and IL-6 levels [30]. Currently, there
are no studies on the association between temperament
traits and immune status under a complex load. There are
few studies on temperament and inflammation in animals
[31], and their findings are difficult to generalize to humans.
Human studies primarily focused on the relationship be-
tween increased risk of diseases and specific temperament
traits [32-34].

This study aimed to assess changes in hormonal and
immunological parameters in individuals with different tem-
peramental activities under a complex load.

METHODS

The study design was approved by the Local Ethics Com-
mittee of the Ural State Medical University (minutes no. 5;
June 16, 2023). The study was conducted between October
2023 and July 2024 in Moscow and Yekaterinburg. Partici-
pants were informed about the scope and objectives prior to
the study. The participants arrived at the laboratory by 7:30 in
a fasted state and completed the following forms:

1) Questionnaire confirming the ability to participate in
the study

2) Written consent for unpaid participation in the study

3) Consent for biomaterial collection

4) Consent for personal data processing.

Venous blood samples were collected at 8:00 (before
complex load) and at 12:00 (after complex load).

Laboratory exercise tolerance tests were performed in
the following order:
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a) Psychomotor load: a cycle ergometer test for at least
5 min (maximum load: 120 W) to exhaustion

b) Intellectual load: Elementary Logical Operations
test [35], Raven’s Progressive Matrices [36], and Unicube
game [37]

¢) Communicative load: the Rosenzweig Frustration Test
[38]; discussing healthy habits and unhealthy habits, stress
situations in personal/professional life in the previous
6 months, etc.

Changes in the participant’s condition were monitored us-
ing objective data (systolic and diastolic blood pressure). Af-
ter complex load and repeated blood sampling, participants
were fed and interviewed. The interaction between the inves-
tigator and participant lasted for 5 h.

The study included 251 participants aged 25-54 years
(mean age: 36.80 + 9.48 years); 46% of participants were
males. The majority of participants (89%) were college grad-
uates.

Inclusion criteria: age 18-55 years and no acute respira-
tory diseases and complaints of feeling unwell on the study
day

Exclusion criteria:

» Age <18 or >35 years

« Use of oral contraceptives

» Symptoms of acute respiratory viral infection several
days before the study and on the study day

« High/low blood pressure

« Speech impairment (e.g., stuttering)

« Language barrier.

Participants were recruited using snowball sampling. Al-
most every participant brought 1-2 acquaintances; therefore,
new participants were frequently enrolled by referral.

The study sample included three groups of respondents
with a predominant psychomotor, intellectual, or communi-
cative TA, respectively. The respondents were stratified us-
ing Rusalov’s formal-dynamic individuality traits ques-
tionnaire [16]. The participants self-assessed their typical
behavior in the psychomotor, intellectual, and communica-
tive domains using a 5-point scale (1, not relevant; 5, ex-
tremely relevant).

Comparison groups were formed based on a ratio of var-
ious types of temperament activity. The group with predomi-
nant psychomotor activity (PA respondents) included partici-
pants whose need for movement significantly dominated the
other two types of activity (see Table 1). The groups with pre-
dominant intellectual activity (IA respondents) and commu-
nicative activity (CA respondents) were formed in a similar
manner. No significant intergroup differences were noted in
age, body mass index, and waist circumference (Table 2). At
this stage of the study, respondents with several types of ac-
tivity that were equally prominent were excluded.

Laboratory assessments of hormonal and immunological
parameter changes under a complex load included the fol-
lowing:

KasaHckui MeamumnHekini xypHan, 2025. Tom 106, N2 5

» Hormone tests [cortisol, adrenaline, norepinephrine
(NE), serotonin (5-HT), and dopamine (DA)] using Abbott Ar-
chitect i2000 SR (Abbott Diagnostics, USA)

« Immunology tests (IL-4, IL-6, IL-10, and TNFa) using
SUNRISE (Tecan, Austria) by enzyme-linked immunosorbent
assay and UniCel DXI 800 (Beckman Coulter, USA)

« Genetic tests (genotypes of polymorphic loci of the
BDNF and COMT genes).

Hormonal and immunological parameters were selected
based on survey studies as part of the Biochemical Corre-
lates of Individual Differences in Coping Intelligence project
[6, 9, 39]. Genetic, hormone, and immunology tests were per-
formed at the DNKOM Laboratory (Moscow).

Subjective assessment of changes in the participant’s
condition under a complex load involved the following:

« Borg Rating of Perceived Exertion scale: subjective
measure of perceived exertion during physical activity (6-20
scale: 6, no exertion; 20, maximal exertion) [40]

« Leonova'’s Scale of States: subjective comfort level dur-
ing each test (<41, low; 41-47 below average; 48-53, accept-
able; and >54, high) [41]

« Statistical analysis was performed in IBM Statistics 28
using the following methods:

« Descriptive statistics (mean, standard deviation, skew-
ness, and kurtosis) for normality testing

« Chi-square test for independence: analysis of differenc-
es in the prevalence of genotypes of polymorphic loci of the
BDNF and COMT genes

« Wilcoxon signed-rank test: comparison of two linked
samples (changes in hormonal and immunological parame-
ters before and after complex load)

» Mann-Whitney U test: comparison of two independent
samples

« Kruskal-Wallis H test: identifying differences between
three independent samples based on the predominant TA type

« Spearman’s correlation coefficient (r,): assessment of
relationships between hormonal and immunological param-
eters.

The significance level (p < 0.050) indicated significant in-
tergroup differences or significant relationships between pa-
rameters.

RESULTS

Prevalence of COMT and BDNF genotypes based
on the predominant TA type

The majority of participants in each group had the Val/Val
genotype of the BONF gene and G/A genotype of the COMT
gene. No participants demonstrated a combination of the
Met/Met genotype of the BONF gene and A/A genotype of
the COMT gene. No significant intergroup differences were
found in the prevalence of COMT and BONF genotypes (chi-
square = 3.502, p = 0.478; chi-square = 5.233, p = 0.264, re-
spectively).

DOl https://doi.org/10.17816/KMJ642181

147



748

THEORETICAL AND CLINICAL MEDICINE

Table 1. Mean and standard deviation of temperamental activity parameters in respondent groups

Kazan Medical Journal 2025, Vol. 106, No.5

Means and standard deviations of temperamental activity parameters (points) in
the study groups
Types of terp;_)eramental Respondents with Respondents with Respondents Kruskal-Wallis p
activity predominant psychomotor | predominant intellectual with predominant H test
activity, n =75, activity, n =59, communicative activity,
37.26 + 8.86 years 36.61 + 8.23 years n =88, 35.59 + 8.52 years
Psychomotor 2076 429 16.86 + 3.94 16.81 £ 4.27 49.825 <0.001
Intellectual 16.47 + 4.06 22.03 +3.88 1750 + 4.02 50.932 <0.001
Communicative 16.24 + 4.51 1729 +3.89 22.70+3.75 76.935 <0.001

Note: Predominance of a specific activity type in the temperament is highlighted in semi-bold.

Table 2. Mean and standard deviation of age, body mass index, and waist circumference in respondent groups with different temperamental activity

Means and standard deviations of parameters in the study groups
Parameters Respondents with Respondents with Respondents Kruskal-Wallis
! o with predominant H test p
predominant psychomotor | predominant intellectual - .
.. L. communicative activity,
activity, n =75 activity, n =59
n=288

Age, years 3726 +8.86 36.61 £8.23 3559 +£852 4.285 0.126
Body mass index, kg/m? 24.88 + 4.63 25.09 £+ 4.57 25.98 + 16.28 1.984 0.31
Waist circumference, cm 83.38 £ 14.26 84.34 +20.80 80.34 + 16.36 3.953 0.139

Lifestyle features in respondents with different
predominant TA types

CA respondents revealed more personal difficulties in
the previous 6 months (e.g., death of a loved one, divorce,
wedding, childbirth, etc.) than did the PA respondents
(U = 2589.500; p = 0.026;1.32 + 0.243;1.08 + 0.146). CA re-
spondents reported unhealthy habits (e.g., smoking, alcohol
consumption, social media and Internet addiction, etc.) more
frequently than did 1A respondents (U = 1935.000; p = 0.009;
22.16 + 5.610; 16.29 + 5.398). Participants with a prominent,
biologically driven communication need practiced unhealthy
habits to relieve stress in challenging situations.

Changes in hormonal and immunological parameters
before and after complex load based on the
predominant TA type

All groups showed a significant decrease in cortisol lev-
els and significant increase in NE levels (see Figs. 1a and b).
There were no significant changes in adrenaline, 5-HT, and
DA levels in the study groups (Figs. 1c—e).

All groups exhibited a significant increase in IL-4 levels
after complex load (Fig. 2). CA and IA respondents showed
the most and least significant increase in IL-4 levels, respec-
tively. Moreover, there was a significant decrease in IL-6 lev-
els after complex load, with the most significant changes
observed in PA respondents compared to CA respondents.
Additionally, IL-10 levels decreased after complex load, with
significant changes noted among IA and CA respondents. No
significant differences were noted in TNF-a levels before and
after complex load.

Furthermore, no significant intergroup differences were
found in the psychomotor test time, systolic and diastolic
blood pressure (mmHg) before and after psychomotor load,
subjective comfort, and exercise tolerance.

Relationship between hormonal and immunological
parameters under a complex load

In PA respondents, changes in serum cortisol levels were
significantly associated with changes in NE levels (r, = 0.318;
p =0.006) (see Fig. 3a). In IA respondents, changes in adren-
aline levels were significantly associated with changes in NE
(r, = 0.382; p = 0.003) and DA levels (r, = 0.325; p = 0.012)
(Fig. 3b). In CA respondents, changes in adrenaline levels
were significantly correlated with changes in NE (r, = 0.215;
p = 0.045) and cortisol levels (r, = 0.239; p = 0.026) (Fig. 3c).
The findings indicate group-specific relationships for changes
in hormonal parameters:

In PA respondents, a decrease in serum cortisol lev-
els was associated with a proportional increase in NE levels
(Figs. 1a and b).

IA respondents demonstrated more complex relation-
ships between hormonal parameters: a decrease in adren-
aline levels was associated with a proportional increase in
NE levels and a decrease in serum DA levels (Figs. 16 and d).

In CA respondents, minor changes in adrenaline levels
were associated with a disproportional increase in NE levels
and sharp decrease in cortisol levels (Figs. 1a and b).

A significant correlation between immunological param-
eters was only observed in PA respondents: a decrease in
IL-6 was associated with a decrease in serum TNF-a levels
(ry=0.424; p < 0.001) (Fig. 3a).
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Fig. 1. Hormonal changes in groups of patients before and after complex stress in respondents with predominant psychomotor activity, predominant intellec-
tual activity, and predominant communicative activity (significant differences are indicated by asterisks: ***p < 0.001, **p < 0.01, *p < 0.05). PMA, respondents
with predominant psychomotor activity; IA, respondents with predominant intellectual activity; CA, respondents with predominant communicative activity.

A negative correlation was noted between changes in
IL-6 and serotonin levels in PA respondents (r, = -0.324,
p = 0.005): the greater the increase in serotonin levels, the
greater the decrease in serum IL-6 levels (Fig. 3a). Minor
changes in serotonin levels in IA respondents correlated
with an increase in serum IL-4 levels (r, = 0.264; p = 0.044)
(Fig. 3b). There were no significant relationships between the
levels of assessed hormonal and immunological parameters
in CA respondents (Fig. 3c).

DISCUSSION

Temperament is formed during life [7, 8, 16] throughinteractions
between the individual's morphological, biochemical, neuro-
physiological, and other biological systems. The findings of
the present study indicate shared and specific changes in hor-
monal and immunological parameters under a complex load
based on the predominant TA type. The study groups showed
decreased cortisol levels and increased NE levels, which is
consistent with exam stress studies in healthy volunteers [42].

Complex load caused an increase in IL-4 levels in all the
study groups. There were specific changes in immunolog-
ical parameters based on the predominant TA type; CA re-
spondents showed a decrease in serum IL-6 and IL-10 levels,
whereas PA respondents only had a decrease in IL-6 levels
and CA respondents in IL-10 levels.

The dynamic interactions between cytokines, aimed at
maintaining physiological balance, may be interconnected,
wherein an increase or a decrease in one cytokine immedi-
ately leads to up- or downregulation of several others. Vari-
ous cytokines are counterbalanced by inhibitors or other cy-
tokines with contrary effects [43]. The effects of cytokines are
systemic and can be associated with a high interindividual
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Fig. 2. Immunological changes (pg/ml) in respondent groups with predom-
inant psychomotor activity, predominant intellectual activity, and predomi-
nant communicative activity before and after the complex stress (significant
differences are indicated by asterisks: ***p < 0.001, **p < 0.01, *p < 0.05).
PMA, respondents with predominant psychomotor activity; IA, respondents
with predominant intellectual activity; CA, respondents with predominant
communicative activity.

genetic variability of plasma cytokine levels [43] and with
TA, thus determining specific, dynamic interactions of neu-
rotransmitters in individuals with predominant psychomotor,
intellectual, or CA.

Of note are intergroup differences in changes in serotonin
and some interleukin levels. Complex load increased 5-HT
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Fig. 3. Relationship between immunological changes (pg/ml) and hormo-
nal changes in respondent groups with predominant psychomotor activi-
ty (a), predominant intellectual activity (b), and predominant communica-
tive activity (c) before and after the complex stress (significant differences
are indicated by asterisks: ***p < 0.001, **p < 0.01, *p < 0.05). E, epinephrine;
NE, norepinephrine; S-Cort, cortisol; DA, dopamine; 5-HT, serotonin; IL-4,
interleukin-4; IL-6, interleukin-6; IL-10, interleukin-10; TNFa, tumor necro-
sis factor.

levels and decreased IL-6 levels in PA respondents, whereas it
decreased 5-HT levels and increased IL-6 levels in I1A respon-
dents. No relationships were found between the assessed
hormonal and immunological parameters in CA respon-
dents, indicating a different mechanism behind their interac-
tions or more independent hormonal and immune systems.

The findings of the current study are unique, because this
study modeled a complex load, including motor, intellectu-
al, and communication tasks, within a single experiment and
assessed hormonal and immunological parameter changes.
Published studies typically addressed biochemical changes
in parameters by the type of load [44] or individually for hor-
mones [45] and interleukins [46].

Mindful self-management of health and load is associat-
ed with the patient’s coping intelligence. The body’s complex

Kazan Medical Journal 2025, Vol. 106, No.5

response is determined by the psychological assessment of
the stressor; a negative perception may result in inhibited
immune system function, whereas a positive perception pro-
motes its activity [46]. Understanding the relationships be-
tween stress, inflammation, mental health, and behavior is
crucial for the health of individual patients and groups of pa-
tients [48].

The limitations of this study may be attributed to the sam-
ple’s regional specificity (well-educated patients from Moscow
and Yekaterinburg, with comparable climatic and socioeco-
nomic conditions). Changes in hormonal and immunologi-
cal parameters were compared in respondents with a single
predominant TA type; however, most of the examined partic-
ipants demonstrated two or more TA types that were equally
prominent. Further research is required to determine wheth-
er the observed patterns are incidental or typical for apparent-
ly healthy adults and patients with various medical conditions.

CONCLUSION

This study aimed to form the basis for a hypothesis of specif-
ic changes in hormonal and immunological parameters un-
der a complex load in patients with different predominant TA
types. A significant decrease was found in serum IL-6 lev-
els in respondents with predominant psychomotor activity.
Changes in cortisol levels correlated with changes in norepi-
nephrine levels; IL-6 levels positively correlated with chang-
es in TNF-a levels and negatively with changes in 5-HT lev-
els. Respondents with predominant IA showed significantly
decreased IL-10 levels. Changes in adrenaline levels corre-
lated with changes in norepinephrine and dopamine levels,
whereas a decrease in 5-HT levels was significantly asso-
ciated with an increase in serum IL-4 levels. Respondents
with predominant CA showed a significant decrease in IL-6
and IL-10 levels. Changes in adrenaline levels correlated with
changes in serum norepinephrine and cortisol levels.
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AOMNO/HUTESIbHAA UHOOPMALIUA
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