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OCHOBHBIE I0J10KEHUSI

* [IpoBenieHO HcCIen0BaHuE, B X0€ KOTOPOro U3ydyaaach B3aUMOCBS3b MEXIY THIIOM JUYHOCTH [l
a TaKke JPYTMMH napamerpaMy npoGuiis JIMIHOCTH, U MCUXO(U3NOIOTHIECKOW PEAaKTHBHOCTBIO TIPU
BO3JICHCTBUU CTpecca ¢ UCIOIBb30BAHNEM KOMIUIEKCa OMOIOTHYECKOH 00paTHOM CBSI3M N0 psiay (husu-
OJIOTUYECKHUX IapaMETPOB, KOTOPHIE PAaHEE HE OTCICKHBAIMCHh B AHAJIOTMYHBIX uccienoBaHusx. [lo
pe3yiibTaTaM HCCIE0BaHMs, y TPEeICTaBuTeNed THIa TUuHOCTH J[ Habmromaercs: Oosee BhICOKAs aK-
TUBHOCTb CUMIIATOAPEHAIIOBOM CUCTEMBI IIPU BO3IEHCTBUM CTPECCA [0 CPABHEHMIO C OCTAJIbHOW I1O-
MyJSAIUe. OTH JaHHBIE MOTYT OBIThH MOJIE3HBI IPU Pa3padOTKe CTPECC-ITMMHUTUPYIOIINX BO3ACHCTBHA.
B03MOXHOCTB HCIIOIB30BAHMSI T€X MIIH HHBIX MICHXO(PHU3NOIOTHIECKAX MAPKEPOB B IPOrpaMMax OHoJIo-
THYECKOM 00paTHOM CBSI3M JIJISI JIII C TUIIOM JTMYHOCTH [] TpeOyeT AanbHEeHIIero n3yyeHus.
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I/I3y‘{I/ITB BIIMAHUC TUIIA JIWYHOCTHU I[, YPOBHA ACTIPECCHUU, TPECATIOUUTACMBIX KO-
He.]'l]) HI/IHI‘—CTpaTGFI/Iﬁ Ha UBMCHCHUEC HCI/IXO(i)I/ISI/IOJIOI‘I/I‘ICCKI/IX MOKa3aTee B yCJ10BU-
AX SMOIMOHAJIBHOI'O CTpECCA.
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HcnpiTyeMbIMu  SIBUIHCH 79 CTyAeHTOB KeMepoBCKOTO TOCYIapCTBEHHOTO Me-
JUITMHCKOTO YHHMBEpPCUTETa B Bo3pacte oT 18 no 32 ner (cpemuwmii Bo3zpact 20,7
+ 2,4 rona). OneHnBaICs TICUXOJIOTMYECKUN CTaTyC MCCIEAYEeMBIX (C TOMOIIBIO
onpocankoB DS-14, HADS, WCQ u CSI) c onenko# Tuma auaHocTtd /I, ypos-
MatrepuaJjibl HSl JISTIPECCHM M TPEoONaalonX KOMUHT-cTpaTeruii. CTpecc-TecTupoBaHHe
M METOAbI MPOBOAIIOCH ¢ moMoIbio Komiuiekca bBOCJIADB, mpu 3TOM perucTpHpOBATHCH
AIIEKTPOMHUOTPAMMA, 3JIEKTPOKapAHOrpaMma, TeMIepaTypa Telna, JbIXaHHe, KOXK-
HO-TaJbBAHMYECKasi Peakiusi U (OTOIUIETH3MOTPAMMA; IPOTOKOJN IPOIEILyPhI
BKJIFOYAJI B ce0s1 TecT Ha YCTHBIN cueT U TecT Ctpymna. CpaBHUBAINCH PE3yabTaThl
CTPECC-TECTOB B IPyIIax ¢ HATMIHEM/OTCYTCTBHEM Tuna [ 1 aenpeccum.
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YV Bcex UCIBITYeMBIX ITPU CTPECC-TECTUPOBAHNHI OTMEYAITCH MAPKEPhI CUMITATHIECKON
AKTUBALMH 110 CIIETYIOIIUM [TapaMeTpaM: yBEJIMYEHHE YacTOThl CEep/IEUHBIX COKpaIlle-
HUH 1 yKopouenue nHTepBasioB R-R (p <0,001), moBbliieHne KOXXHOH IPOBOAUMOCTH (P
Pesyabrartsl <0,001). Y w1 ¢ Timom JIMYHOCTH [ HaOIIOMAI0Ch TOCTOBEPHO OOJIBIIICE YBEITMYCHHES
TMOKa3aresst afgekBarHocTy mpouecco peryssiuu (ITAIP) mpu BemonHeHnn Tecta Ha
yerabii cuet (p = 0,026) u tecra Crpymna (p = 0,031). Haymure kak tuna mraHoctu [,
TaK ¥ JICPECCHH MPEepacIionarajio K BIOOpY Jie3aJalTHBHBIX CTPaTeriii COBJIaIaHus.
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B xoropre ucmbITyeMbIX BBISIBICHA BBICOKAS! PACIIPOCTPAHEHHOCTD THTIA IMYHOCTH
I m nenipeccun. Y mpeacTaBUTeIeH THITa TMIHOCTH J| HaOmroqamceh 0ojiee BBICO-
KM€ TI0Ka3aTeNId aKTHBAINN CUMITATHKO-aJPEHATIOBO CHCTEMBI IIPHA CTPECCOPHOM
BO3JICHCTBUH I10 CPABHEHUIO C OCTAIbHOM HOMYJIsiLKel. BhIsIBICHHbBIE JaHHBIEC He-
00XOAMMO YYHTHIBATH TPU pa3pabOTKe CTPECC-TAMUATHPYIOMINX BO3CHCTBHNA IS
npenacTaBuTeneil Tuna auaHocty J[. TpeOyer manpHEWmero m3ydeHusi BO3MOXK-
HOCTh HCIIOJIH30BaHUSI B OTOM OTHOIIEHHH KOMIUIEKCA IICUXO(PU3NOIOTHIECKIX
ITOKa3areyei B MporpaMMax OMOJIOTHIECKOH 0OpaTHOM CBS3H.
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Highlights

* A study was conducted that examined the relationship between personality type D, as well as
other personality profile parameters, and psychophysiological reactivity when exposed to stress using a
biofeedback complex for a number of physiological parameters that had not previously been monitored
in similar studies. According to the results of the trial, representatives of personality type D have
higher activation rates of the sympathetic-adrenal system of stress exposure compared to the rest of
the population. When developing stress-limiting effects, these data should be taken into account. The
possibility of using a set of psychophysiological parameters in biofeedback programs for individuals
with personality type D requires further study.

To examine the influence of personality type D, depression level, preferred coping
strategies on changes in psychophysiological parameters during mental stress tests.

...................................................................................................................................................... .

The study involved 79 students of Kemerovo State Medical University aged 18 to 32
years (mean age 20.7 £ 2.4 years). The patients’ psychological status was assessed
(DS-14, HADS, WCQ and CSI questionnaires) with an assessment of personality
type D, depression level and prevailing coping strategies. Psychophysiological
diagnostics was performed using the BOSLAB complex, electromyogram,
electrocardiogram, body temperature, respiration, galvanic skin response and
photoplethysmogram were recorded. The stress testing protocol included a mental
arithmetic test and a Stroop test. The results of the stress tests were compared in
groups with/without type D and depression.

..................................................................................................................................................... .

All subjects showed markers of sympathetic activation during stress testing to the
following parameters: increased heart rate and shortening of R-R intervals (p <
0.001), increased skin conductivity (p < 0.001). There was a significantly greater
increase in Indicator of the Adequacy of processes of Regulation (IAPR) when
performing the mental arithmetic test (p = 0,026) and the Stroop test (p = 0,031) in
individuals with personality type D. The presence of both type D and depression
predisposed to the choice of maladaptive coping strategies.

..................................................................................................................................................... .

A high prevalence of personality type D and depression was revealed among the
surveyed cohort. Representatives of personality type D have higher activation rates
of the sympathetic-adrenal system of stress exposure compared to the rest of the
population. This should be taken into account when developing stress-limiting effects.
The possibility of using a set of psychophysiological parameters in biofeedback
programs for individuals with personality type D requires further study.

..................................................................................................................................................... .

Mental stress * Personality type D ¢ Stress reactivity * Cardiovascular system ¢
Psychophysiological indicators

Methods
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Introduction

Long-term or intense stress reactions can cause
psychosomatic diseases and psychological disorders [1].
Psychological and physical reactions to psychological
stress, especially strong negative reactions, can
aggravate an existing human disease or cause a
relapse. The cardiac reactivity hypothesis suggests that
maladaptive cardiovascular responses to psychological

stress, which can be exaggerated, prolonged or reduced,
can contribute to the development of cardiovascular
diseases [2]. Not surprisingly, when studying the
body’s response to stress, cardiovascular reactivity is
usually studied, which is characterized by changes in
blood pressure, heart rate and cortisol due to internal or
external stimuli [3]. Cardiovascular reactivity depends
on both the nature and intensity of the stressor [3-5]
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and the initial psychological state of individuals. Among
such psychological factors should be taken into account
the emotional state of individuals [6, 7], the presence
of manifestations of psychological distress [5, 8-10],
predominant coping strategies to overcome stress [ 11-15],
and personality traits [9, 16, 17].

Among the latter factors, personality type D has
recently been studied, which is characterized by the
simultaneous manifestation of negative affectivity in
response to events in everyday life and the suppression
of its manifestation in social interactions [18]. The
close attention of researchers to this personality
type is explained by the fact that its presence leads to
the development and progression of psychosomatic
pathology [19]. Thus, personality type D is associated
with an unfavorable prognosis for cardiovascular
diseases [20, 21], with a decrease in the quality of life [22]
and a more frequent development of symptoms of
anxiety and depression [23].

Within the framework of the patient-oriented
approach proclaimed by modern medicine, which
consists, among other things, of striving to achieve
an improvement in the quality of life of patients,
it is important to take into account the behavioral
characteristics of patients as a factor thathas a significant
impact on the formation of their lifestyle and stress
status. In particular, strategies for coping with difficult
life situations (or coping strategies) are important in
this regard, the association of which with personality
type D and depression has also been previously
studied in separate studies, where it was shown that
personality type D and depression are often associated
with a preference for less effective, maladaptive coping
strategies. Thus, patients with coronary heart disease
and depression more often preferred the following
coping strategies: seeking social support, avoidance,
and problem solving, and less often — a confrontational
strategy; while patients with coronary heart disease
and depression with type D personality less often used
the self-control coping strategy and more often — an
escape-avoidance strategy [63]. In addition, healthy
students with type D personality had a preponderance of
inadequate coping strategies: the strategies associated
with personality type D was the escape-avoidance, and
with the type of non-D —the positive reappraisal. — [31].
Therefore, the topic of maladaptive coping strategies
as an unfavorable prognostic factor for cardiovascular
pathology requires further attention and study.

Also, it is known that patients with personality type
D have increased cortisol levels against the background
of acute pathological conditions [24], which reflects
a maladaptive response to stress associated with
the development of the disease. Further studies in
individuals with personality type D have shown that they
are characterized by inadequate hemodynamic reactions
to stress, both with increased [4] and smoothed [16]
hemodynamic response. Therefore, there is a need to

clarify both the nature of stress reactivity in personality
type D and possible ways to correct its inadequate
manifestations. Among the possible causes of various
inadequate reactions to stress, it is necessary to take into
account the stressogenic level of laboratory stressors [4],
as well as the possible influence of not only the
personality type, butalso otherprevailingaccompanying
psychological factors (coping strategies, the presence
of psychological distress) [12, 13, 15]. In addition, it is
advisable to take into account not only hemodynamic
parameters, but also other psychophysiological
indicators in such a study. Thus, for this purpose, it is
convenient to use biofeedback devices, which allow
expanding the studied list of psychophysiological
parameters. For example, the study of such parameters
as electromyography, pulse, blood volume, respiratory
rate, peripheral temperature and skin conductivity
during a psychophysiological stress test made it possible
to develop an index for measuring human resistance
to stress [25, 26]. Accordingly, the aim of this study
was to examine the influence of personality type D and
other psychological factors (depression level, coping
strategies) on changes in a set of psychophysiological
indicators (electromyography, pulse, heart rate
variability, respiratory rate, peripheral temperature,
and skin conductivity) during mental stress.

Methods

Study Conditions and Participants

The study was conducted from October to December
2024, and included 79 subjects — second-year students
of the Kemerovo State Medical University. The number
of men and women among the study participants
was 31 (39.2%) and 48 (60.8%), respectively, age —
from 18 to 32 years (20.8; [19.0; 22.0]). All subjects
completed psychological questionnaires and underwent
psychophysiological examination during mental stress.
The study was conducted in accordance with the
principles of the Helsinki Declaration of the World
Medical Association. The study protocol was approved
(date of approval was obtained from: 15 October 2024)
by the Local Ethical Committees of the Research
Institute for Complex Issues of Cardiovascular Diseases
and the Kemerovo State Medical University, each of
the (Protocol No. 20241015). All study participants
signed an informed consent to participate form.

Assessment of the psychological status of the
subjects

To assess the psychological parameters of the
study participants, the following scales (adapted and
validated Russian-language versions) were used: the
DS-14 questionnaire, created to identify personality
type D [27], HADS (Hospital Anxiety and Depression
Scale) [28], Ways of Coping Questionnaire (WCQ) [29]
and Coping Strategies Inventory (CSI) [30] — to
assess coping strategies. A detailed description of the
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psychological testing methodology was presented by
us earlier [31].

The DS-14 Questionnaire

The following patterns are characteristic of this
personality type: a tendency to deeply negative
emotional experience of difficult situations and a
tendency to reduce the manifestations of their emotional
manifestations in social interactions with other people.
This creates conditions for the individual to be in a
chronic state of stress, and makes him susceptible to
health risks associated with psychoemotional stress.
The test consists of 14 questions and two subscales: NA
(negative affectivity) and SI (social inhibition), with 7
questions in each. Personality type D is diagnosed if at
least 10 points are scored on each of the subscales.

HADS (Hospital Anxiety and Depression Scale)

The scale is designed to diagnose anxiety and
depression, and assess their severity. It consists of 14
questions (7 for assessing the level of anxiety and the
level of depression in the corresponding subscales). A
subclinical level of anxiety or depression is diagnosed
when a score of at least 8 points is obtained on the
subscale, clinically ex-pressed — when a score of at least
1 point is obtained. When a score of 7 or less points
is obtained, the indicators are considered to be within
normal limits. In our study, participants were divided
into groups with or without depression, starting from
the sub-clinical level (i.e. when a score of 8 or more
points is obtained on the depression sub-scale).

Ways of coping questionnaire

The questionnaire allows determining the preferred
ways of behavior of an individual in difficult situations
in various spheres of life and contains 8 subscales:
“Confrontation”, “Distancing”, “Self-control”, “Search
for social support”, “Acceptance of responsibility”,
“Escape-avoidance”, “Problem solution planning”
and “Positive reappraisal”. Depending on the number
of points scored on each specific scale, it is possible
to characterize the subject’s behavioral profile when
faced with difficulties. Methods for assessing the test
results may include establishing the level of preference
for a specific coping (according to the number of
points scored on the subscales, it can be low, moderate,
or pronounced), or calculating the level of tension of
coping. We used the last option, the level of coping
intensity was calculated using the formula: X = (sum
of points on the scale/maximum possible score on the
scale) x 100.

Coping Strategy Indicator Questionnaire

This questionnaire also allows you to identify the
dominant behavioral strategies of the individual when
faced with problem situations. It contains 3 subscales:
“Problem Resolution Strategy”, “Social Support

9% <¢

Search Strategy”, “Avoidance Strategy”. The levels of
coping preference are assessed as “very low”, “low”,
“medium” and “high” de-pending on the number
of points scored on the subscale. In the course of
performing comparative calculations for the study, we
used absolute numbers, the number of points scored on
each subscale.

Evaluation of physiological parameters of
subjects and their stress reactivity

The aim of the study is dictated by the need, in
addition to the psychological status, to also evaluate
the somatic parameters of the subjects were assessed.
Namely, such characteristics that would reflect the
body’s response to psychoemotional stress load, as
well as the ability to quickly recover from such a
load. Such studies were conducted, the parameters of
their implementation were standard: morning hours,
laboratory conditions, consistently good health, at least
2 hours after eating.

To conduct such an examination, a multichannel
complex “The BOSLAB professional plus” complex
based on BI-012-2 was used (OOO “Computer
Biocontrol Biofeedback Systems”, Russia), during
which designed for multichannel psychophysiological
monitoring and biofeedback training, was used for
this examination. This 10-channel device allows
recording electroencephalography, electrocardiography
(ECG) indicators were taken from the subjects,
electromyography, photoplethysmography, respiratory
movements were recorded, photoplethysmography
(PPG), electromyography (EMG) from the frontal
muscles, peripheral, skin temperature, and galvanic
skin response. The 10-channel physiological signal
recording module BI-012-2 includes the following:
electroencephalography (2 channels), electromyography
(2 channels), electrocardiography (1  channel),
temperature (1 channel), respiration (2 channels), galvanic
skin response (1 channel), photoplethysmography (1
channel). The BOSLAB Professional Plus software
allows for not only patient rehabilitation, but also
psycho-physiological diagnostics.

The following physiological indices were calculated
based on the signals received cardiovascular system
functioning indices [32]:

— R-R intervals;

— heart rate (HR);

— respiratory sinus arrhythmia (RSA);

— ratio of low — and high-frequency waves of the
heart rhythm (LF/HF), an increase in the index reflects
an increase in sympathetic influences on the heart
rhythm, a decrease — parasympathetic;

— Baevsky’s strain index (SI), an increase reflects a
tendency toward centralization of the mechanisms of
heart rhythm regulation and indicates an increase in the
level of stress load on the body;
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— Baevsky’s indicator of the adequacy of regulation
processes (IARP), shows the ratio of sympathetic
influences on the heart rhythm and the leading function
of the sinus node).

Indicators reflecting the state of the vascular bed:

— pulse wave propagation time (PWPT), an increase
characterizes an increase in the elasticity of the main
vessels);

— amplitude of the systolic wave of the PPG,
shows the volumetric blood flow at the registration
site, characterizes the state of the arteries of the
microcirculatory bed.

Indicators of the functional state of the respiratory
system:

— respiratory rate (RR);

— breathing mode frequency (BMF);

— duration of the respiratory cycle (RCD);

— ratio of the duration of inspiration to the duration
of expiration (Rio);

— number of R-R intervals in one respiratory cycle
(NNbo).

Other indicators:

— integral index of tension from the frontal muscles
(IEMG);

— skin conductivity (SC);

— skin temperature on the Fahrenheit scale.

Rio is the ratio of the duration of inhalation to
the duration of exhalation and is also known as the
inspiratory-expiratory ratio, usually normal meaning is
typically 1:3 — 1:4 and depends on the physiological
condition (including pathological), on physical
exertion and stress. An extended exhalation stimulates
the Vagus leading to parasympathicotonia, which
causes many benefits psychophysiological effects,
including effects on heart rate variability, inflammation
regulation, cognitive condition, etc. [33].

NNbc —is a number of full R-R intervals during one
respiratory cycle. This term is not generally accepted
and widely used, but it is another parameter that reflects
the relationship between heart rate and respiratory
characteristics, in particular, expressed in respiratory
arrhythmia.

PPG amplitude is the amplitude of the systolic wave
of photopletismography. PPG reflects the relationship
between the functional state of the microvascular bed
and a wide range of parameters, such as activation of
the sympathetic or parasympathetic nervous system,
the functional state of the cardiovascular system as a
whole, etc. [34].

Integral electromyography is a method of assessing
muscle activity, which is calculated as the area under
the curve of the rectified electromyogram (EMGQG)
signal over a certain period. It is used to assess the level
of muscle tension in a given area. It can be considered
as a marker related to stress levels and has been well
studied in this regard for a long time [35].

Skin conductance is an indicator of the tone of the

sympathetic nervous system, reflecting an increase in
sweating and a change in the electrical resistance of
the skin. It increases with emotional excitement and an
increase in stress levels [36].

Peripheral skin temperature is an indicator of
sympathicotonia, since activation of the sympathetic
nervous system causes peripheral vasospasm, which
leads to a decrease in peripheral skin temperature [37].

Stress Testing Procedure Protocol

The stress testing procedure consisted of five
sessions (Figure 1):

— initial rest session for one minute (to record initial
physiological parameters);

— cognitive task on oral arithmetic for three minutes
(as a mild stressor);

— one minute of rest;

— the second cognitive task “Stroop-test” (verbal-
color interference technique) for three minutes;

— final rest session (to assess the processes of
physiological parameter recovery).

Statistical analysis

We wused the application software packages
“Statistica 10.0 for Windows” (StatSoft Inc., USA)
and SPSS 17.0 (IBM, USA). The distribution of
quantitative variables was tested for normality using
the Kolmogorov—Smirnov test. Since the distribution
of all quantitative characteristics differed from normal,
they are presented as the median (Me), lower (LQ) and
upper (UQ) quartiles. Groups were compared using the
Mann—Whitney criterion. To compare the dynamics
of the physiological parameters of the participants
throughout the study, the Friedman ANOVA criterion
was used. To assess the relationship between various
psychological factors and the dynamics of psycho-
physiological indicators during mental tests, a binary
logistic regression analysis (For-ward Stepwise LR
method) was conducted. The following variables
were selected as dependent variables: the presence
of type D, the presence of depression, and levels of
coping strategies above the median for each scale.
The indicators of psychophysiological indicators
during mental tests were included in the models as
independent variables. The critical level of significance
(p) was taken to be 0.05.

Results

First of all, it should be noted that the percentage
of individuals with personality type D (43 people out
of 79 who took the DS-14 test, or 54.43%) and with
depression (41 people out of 74 who took the HADS
test, or 55.41%) in the cohort of students surveyed was

Rest session #3
1 minute

Oral arithmetic test
3 minutes

Rest session #1

1 minute 1 minute 3 minutes

Rest session #2| | Stroop-test

Figure 1. Stress testing procedure flow chart
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generally high. This is a phenomenon that requires
further study and, possibly, broader research into the
psychological profile of the population, in particular
among young people.

Results of psychological tests in the individuals
with/without type D and depression

Individuals with depression significantly scored
higher on the NA subscale of the DS-14 questionnaire
(p < 0.001), while individuals with personality type D
scored higher on the anxiety (p = 0.003) and depression
(p =0.015) scales of the HADS (Table 1).

When comparing preferred coping strategies
according to the WCQ scale, it was found that
individuals with personality type D had greater coping
intensity compared to individuals without personality
type D for the strategies of “confrontation” (p = 0.008),
“distancing” (p = 0.021), “accepting responsibility” (p
= 0.009) and “‘escape-avoidance” (p < 0.001). While
the presence of depression was associated with higher
coping intensity only for the “escape-avoidance”
strategy (p = 0.034). According to the CSI scale, type D

individuals scored higher on the “avoidance strategy”
scale and lower on the “problem-solving strategy”
scale than individuals without type D. In general, it can
be said that both the presence of type D and depression
predisposed to the choice of maladaptive coping
strategies; however, the influence of type D personality
in this regard was more significant and extended to a
wider range of coping strategies (Table 2).

Dynamics of psychophysiological indicators
during mental stress tests in individuals with/
without type D and depression

To assess the differences in psychophysiological
indicators, as well as the dynamics of these indicators
during mental stress, the subjects were divided into
2 groups based on the presence/absence of type
D personality, and also into 2 groups based on the
presence/absence of depression.

All subjects showed sympathetic activation
markers during stress testing against the background
of mild stressors (performance of test tasks). This
was manifested by the dynamics of the following

Table 1. General characteristics of young healthy individuals in groups with/without type D personality and depression

Indicators (Me [LQ; UQ]) Non-Type D Type D Not depressed Depressed
or n (%) (n=36) (n=43) (n=33) (n=41) p
............................................................... P opulatlonchar;cterlstlcs S s ST ST
Age, years 20.8[19.0;22.0] = 20.8[19.0;22.0] 0.640  21.1[19.0;22.0] 20.7 [19.0; 22.0] 0.480
Men 16 (44.4%) 15 (34.9%) 0.389 15 (45.5%) 15 (54.6%) 0.440
DS-14
Negative affectivity, points 6.6 [3.0;9.0] 15.3[12.0; 18.0] <0.001 7.0 [3.0; 13.0] 13.0[11.0; 17.0] = <0.001
Social inhibition, points 9.28 [7.0; 11.5] 14.8[12.0; 16.0] <0.001  13.0[9.0; 15.0] 12.0 [10.0; 15.0] 0.807
HADS
Anxiety, points 7.0 [5.05 9.0] 10.0 [7.0; 11.0] 0.003 6.0 [5.0; 8.0] 10.0 [8.0; 12.0] <0.001
Depression, points 6.0 [4.0; 10.0] 9.0 [7.0; 11.0] 0.015 5.0 [3.0; 6.0] 10.0 [9.0; 12.0] <0.001

Note: ME [LQ; UQ] — median with upper and lower quartile.

Table 2. Distribution of coping strategies in young healthy individuals in groups with/without type D personality and depression
(according to the WCQ and CSI questionnaires)

Not-Type D Type D personality Not depressed Depressed
(n=236) (n=43) (n=33) (n=41) P

........................ W ays 0fC0p]ngQuest10nn2:1re (WCQ)Level of}hetensmn ofthecopmg(Me [LQ,UQ])”
Confrontation 44.4 [30.6; 55.6] 55.6 [44.4; 66.7] 0.008 = 55.56 [38.9; 61.1] 50.0 [38.9;63.9] 0,969
Distancing 44.4133.3; 61.1] 61.1[38.9; 77.8] 0.021 50.0 [33.3; 66.7] 50.0[33.3;69.4]  0.903
Self-control 61.9 [50.0; 71.4] 61.9 [52.4; 81.0] 0.384 66.7 [52.4; 76.2] 61.9[47.6;76.2]  0.463
Seeking social support 50.0 [36.1; 66.7] 50.0 [27.8; 72.2] 0.697 50.0 [27.8; 66.7] 50.0 [38.9;32.2]  0.507
Taking responsibility 50.0 [33.3; 66.7] 66.7 [50.0; 83.3] 0.009 50.0 [41.7; 83.3] 50.0 [41.7;75.0]  0.974
Escape-avoidance 39.6 [25.0; 58.3] 58.3[41.7;79.2] <0.001 41.7[29.2; 62.5] 50.0 [37.5;75.0] @ 0.034
Problem solving planning ~ 72.2 [61.1; 77.8] 66.7 [55.6; 77.8] 0.270 66.7 [61.1; 77.8] 66.7 [55.6; 77.8] 0.659
Positive revaluation 61.9 [52.4; 78.6] 57.1[33.3; 81.0] 0.327 71.4 [47.6; 85.7] 57.1[42.9;71.4]  0.151

Coping Strategy Indicator Questionnaire (CSI). Number of points on the scale (Me [LQ; UQ])

Problem solving 25.0 [24.0; 30.0] 24.0 [21.0; 28.0] 0.028 27.0 [24.0; 31.0] 24.0 [22.0;28.0] = 0.052
Seeking social support 21.0[18.0;23.0] 21.0 [16.0; 24.0] 0.687 21.0 [18.0; 25.0] 21.0[17.0;23.0] @ 0.575
Avoidance 19.0 [17.0; 22.0] 22.0 [20.0; 24.0] 0.001 21.0[18.0; 23.0] 21.0[19.0; 22.0] = 0.957

Note: ME [LQ; UQ] — median with upper and lower quartile
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parameters: increased HR and shortening of R-R
intervals (p < 0.001), increased NNBc (in individuals
without depression — p = 0.006; in individuals with
depression, as well as in individuals with and without
personality type D — p < 0.001) against the background
of exposure to mild stressors (performance of test
tasks); as well as an increase in skin conductivity (p
< 0.001). In addition, PPG amplitude changed reliably
during stress testing: in individuals with personality

Table 3. Dynamics of cardiovascular system functioning indicators during mental stress tests in groups with/without type D personality

and depression

type D, it slightly increased from the baseline
during the mental arithmetic test, then significantly
decreased during the Stroop test (p = 0.003), and in
individuals without it, it de-creased from the baseline
already during the mental arithmetic test (p = 0.008).
Peripheral vasospasm can also be considered a marker
of sympathetic activation under the influence of stress
factors (Tables 3-5). In addition, the SI in the entire
cohort of subjects significantly decreased during the

Perls)onality.type / Rest Session #1
epression
......................... TypeD 71262 [64629,79545]
Type not D 725.20 [686.74; 793.53]
. RR p 0.384
'nte;lvsals’ Depressed 731.50 [690.72; 862.98]
Not depressed 710.61 [650.86; 767.78]
P 0,150
Type D 85.0[75.8;93.2]
Type not D 83.5[75.9; 88.0]
HR, beats/ p 0.357
min Depressed 82.9 [70.2; 87.8]
Not depressed 84.5[78.3; 92.6]
p 0,159
Type D 1.09 [0.45; 2.14]
Type not D 1.33[0.61; 2.39]
LF/HF P 0669
Depressed 1.28 [0.55; 2.14]
Not depressed 1.21[0.62; 2.08]
p 0,944
Type D 79.60 [53.54; 121.37]
Type not D 92.22 [72.42; 138.27]
P 0.301
RSA, ms.
Depressed 80.33 [52.38; 123.55]
Not depressed 93.59 [63.39; 118.40]
P 0,205
Type D 102.04 [62.64; 189.16]
Type not D 93.03 [53.89; 150.77]
SI p 0.475
Depressed 106.56 [52.24; 193.78]
Not depressed 95.02 [67.41; 124.20]
P 0,613
Type D 57.90 [42.93; 69.28]
Type not D 50.39 [41.96; 58.42]
P 0.226
IARP
Depressed 58.17 [42.02; 69.28]
Not depressed 48.99 [43.47; 58.67]
p 0,396
Type D 182.62 [141.03; 224.44]
Type not D 203.00 [141.37;277.73]
p 0,703
PWPT, ms Depressed 197.80 [153.34; 249.89]
Not depressed 158.15[138.66; 225.11]
P 0.148

Mental arithmetic test Stroop-test P
655.64 [646.30; 733.26] | 654.01 [590.98: 728.53]  <0.001
679.63 [609.52; 706.14] 650.61 [610.07; 692.53] < 0.001
0.519 0.910
675.11 [618.51; 747.21] 655.41 [606.06; 728.53] < 0.001
660.62 [604.50; 705.76] 652.28 [597.03; 696.91]  <0.001
0,463 0,583
91.6 [82.2; 99.7] 93.4[82.4;101.8] <0.001
88.4 [85.1; 98.6] 92.7 [86.8; 100.5] <0.001
0.513 0.910
89.1[80.5; 97.1] 91.9 [82.4; 99.6] <0.001
91.1[85.2; 99.3] 92.4186.2;101.3] <0.001
0,456 0,561
1.5410.79; 3.67] 1.18 [0.78; 2.39] 0.071
1.78 [1.01; 2.53] 1.78 [1.01; 2.53] 0.091
0.749 0.410
1.63 [1.15; 2.87] 1.33 [0.85; 2.43] 0.014
1.61[0.93; 2.41] 1.3410.82; 2.50] 0.102
0,450 0,910
110.95 [71.99; 139.12] 89.24 [65.78; 153.06] 0.097
96.98 [76.85; 135.89] 96.69 [80.55; 143.91] 0.336
0.690 0.486
100.44 [77.33; 127.76] 89.24 [60.07; 143.30] 0.027
103.10 [76.19; 138.41] 104.44 [86.54; 142.79] 0.519
0,832 0,129
62.82 [42.71;100.61] 79.67 [45.33; 140.71] <0.001
59.95 [34.58; 102.12] 69.37 [45.38; 91.59] 0.002
0.605 0.247
62.82 [34.81; 95.04] 84.67 [48.18; 144.07] <0.001
69.77 [45.59; 105.40] 52.87[45.33;91.16] 0.012
0,497 0,069
56.90 [45.59; 69.54] 57.82 [44.66; 70.76] 0.811
45.73 [35.33; 59.09] 49.50[39.91; 59.38] 0.121
0.026 0.031
53.47 [38.53; 64.78] 53.44 [41.90; 70.76] 0.081
53.33[41.43; 63.17] 52.26 [40.40; 60.75] 0.227
0,782 0,213
177.28 [142.13; 237.15] 180.48 [150.25; 228.12] 0.704
185.99 [147.92; 227.67] 199.24 [145.20; 281.19] 0.250
0,663 0,338
190.94 [151.27; 246.48] 201.51 [163.72; 256.44] 0.590
172.62 [144.94; 228.49] 164.17 [143.85; 242.47] 0.898

0.458

0.240

Note: HR — heart rate; IARP — indicator of the adequacy of regulatory processes; LF/HF — low-to-high frequency ratio; PWPT — pulse

wave propagation time; R-R intervals — R-R interval duration; RSA — respiratory sinus arrhythmia; SI — Baevsky's strain index.
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184 The influence of personality type d on psychophysiological reactivity

performance of stressful tasks compared to the initial
level (for individuals with personality type D — p
< 0.001, without it — p = 0.002; for individuals with
depression — p < 0.001, without it — p = 0.012). The
interpretation of this phenomenon is difficult, perhaps
the very fact of the study made the students experience
anxiety, from which they were distracted during the
performance of cognitive tasks. As for the IARP,
this index, on the contrary, demonstrated a logically
explainable greater sympathetic activation. It was
higher in representatives of personality type D relative
to individuals without it during the performance of
stressful tasks — mental arithmetic (p = 0.026) and the
Stroop test (p = 0.031). However, no reliable increase
or decrease was recorded in the dynamics of sessions
in any of the groups (Table 3, Figures 2-5).
Controversial data were obtained on the indices
of respiratory system functioning. Thus, during stress

testing, the duration of the respiratory cycle increased
in all subjects (p <0.001). The frequency of respiratory
movements and the breathing mode de-creased in
those with type D (p = 0.005 and 0.003, respectively),
as well as in individuals with depression (p = 0.007
and 0.023, respectively). In individuals without type
D personality these indices did not change under the
influence of mild stressors, in individuals without
depression the breathing rate increased during the
mental arithmetic test (p = 0.010), and the frequency
of the breathing mode decreased during the Stroop
test (p = 0.003). The Rio ratio in type D and non-
depressed individuals increased slightly during the
arithmetic mental arithmetic test, then significantly
decreased during the Stroop test (p < 0.001 and 0.002,
respectively); in non-D and non-depressed individuals,
it consistently decreased during both cognitive tasks (p
=0.031 and 0.015, respectively) (Table 4).

Table 4. Dynamics of respiratory system functioning indicators during mental stress tests in groups with/without type D personality

and depression

Personality type / Depression

Rest Session #1

................................................................................

Mental arithmetic test Stroop-test p

............................................................................

Type D 18.7 [15.6; 20.8] 17.9 [14.5; 20.3] 16.1 [14.2; 18.3] 0.005
Type not D 16.9 [14.6; 18.3] 19.6 [16.6; 22.0] 16.8 [15.2; 19.6] 0.131
RespRate, p 0.221 0.035 0.198
breaths/min Depressed 18.6 [16.0; 21.2] 18.0 [15.0; 20.3] 16.7 [15.0; 18.3] 0.007
Not depressed 16.9 [14.3; 18.7] 19.0 [15.2; 21.7] 16.0 [13.5; 19.9] 0.010
p 0,046 0,381 0,790
Type D 0.27[ 0.22; 0.32] 0.25 [ 0.15; 0.30] 0.18 [0.13; 0.22] 0.003
Type not D 0.27 [0.22; 0.32] 0.26 [0.19; 0.33] 0.20 [0.17; 0.23] 0.080
p 0.972 0.151 0.255
BMEF, Hz
Depressed 0.28 [0.24; 0.32] 0.25 [0.17; 0.32] 0.20 [0.17; 0.27] 0.023
Not depressed 0.25 [0.22; 0.28] 0.25 [0.18; 0.32] 0.18 [0.13; 0.20] 0.003
p 0,089 0,521 0,026
Type D 3.44 [3.20; 4.06] 4.07 [3.38; 4.94] 4.52[3.95;5.05]  <0.001
Type not D 3.70 [3.34; 4.77] 3.51 [3.12; 4.50] 4.10[3.68; 5.01] 0.001
p 0.306 0.059 0.201
RCD, sec.
Depressed 3.42[3.07; 4.02] 4.03 [3.27; 4.88] 4.45[3.94;4.80]  <0.001
Not depressed 3.86 [3.41; 4.98] 3.63[3.21; 4.80] 428[3.57;5.50]  <0.001
p 0,037 0,532 0,965
Type D 0.76 [0.64; 0.87] 0.78 [0.51; 1.13] 0.56 [0.43;0.71]  <0.001
Type not D 0.67[0.61; 0.81] 0.65 [0.55; 1.06] 0.60 [0.47; 0.90] 0.031
Rio p 0.123 0.633 0.375
Depressed 0.71 [0.61; 0.87] 0.65[0.51; 1.07] 0.58 [0.40; 0.91] 0.015
Not depressed 0.71 [0.61; 0.84] 0.76 [0.58; 1.13] 0.58 [0.50; 0.72] 0.002
p 0,879 0,289 0,579
Type D 4.63[4.22;5.71] 6.10 [5.17; 7.81] 6.55[5.56;7.57]  <0.001
Type not D 4.77[3.85; 6.23] 5.60 [4.68; 6.86] 6.04[5.15;7.62]  <0.001
NNbe p 0.977 0,122 0.290
Depressed 4.43[3.85;5.17] 5.82 [4.68; 7.56] 6.31[5.44;7.111  <0.001
Not depressed 5.06 [4.46; 6.23] 5.69 [4.90; 7.45] 6.76 [5.33; 7.88] 0.006
p 0,022 0.687 0.441

Note: BMF — breathing mode frequency; iEMG — integrated electromyography, NNbc — number of R-R intervals in one respiratory
cycle; PPG amplitude — systolic wave amplitude during photoplethysmography; RCD — respiratory cycle duration; RespRate —
respiratory rate; Rio — ratio of inhalation time to exhalation time; SC — skin conductance; Temp. — temperature.
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Figure 3. Dynamics of HR (beats/min) during mental stress tests
in groups with/without type D personality

Figure 5. Dynamics of PPG amplitude during mental stress tests
in groups with/without type D personality

Table 5. Dynamics of other functional indicators during mental stress tests in groups with/without type D personality and depression

Personality type / Depression Rest Session #1 Mental arithmetic test Stroop-test p
P A 4 TypeD1612[991,2121] ....... 1638[1019,2802] 1325[971,1894] ....... 0003
Type not D 136.9 [104.3;226.9] 130.7 [105.5; 178.2] 131.0[110.4; 161.4] 0.008
PPG p 0,879 0.332 0.840
amplitude Depressed 169.2 [101.9; 218.4] 168.0 [109.5; 235.7] 142.5[114.0; 197.0] 0.097
Not depressed 129.2 [106.5; 226.9] 122.1[99.9; 171.0] 123.4[101.3; 155.6] 0.066
p 0.770 0.147 0.225
Type D 12.7[10.3; 18.3] 14.5[10.6; 21.1] 14.3[10.6; 19.1] 0.242
Type not D 11.5[8.6; 17.0] 11.9[9.6; 16.6] 12.0[9.3; 15.3] 0.256
iEMG, p 0.332 0.182 0.071
meV Depressed 12.2[10.4; 16.5] 14.5[10.6; 18.3] 13.5[10.6; 17.9] 0.281
Not depressed 12.5[8.4; 17.3] 11.7[9.7; 15.2] 12.7[10.3; 15.9] 0.131
p 0.511 0.194 0.716
Type D 6.0 [2.9; 8.7] 8.1[5.3;11.6] 9.3 [5.5; 14.4] <0.001
Type not D 6.6 [4.2; 11.1] 8.5[4.8; 13.8] 9.3[5.7; 16.2] <0.001
p 0.451 0.598 0.654
SC, meS
Depressed 6.9[3.8; 8.9] 8.3[5.3;13.5] 10.8 [5.7; 15.9] <0.001
Not depressed 5.5[4.2;10.9] 7.3 [4.8;13.0] 8.2 [5.9; 14.0] <0.001
p 0.628 0.691 0.463
Type D 79.4[76.1; 89.7] 79.4 [75.8; 89.5] 80.7[75.1;91.1] 0.320
Type not D 79.0 [75.6; 88.6] 78.8 [75.0; 88.4] 80.8 [74.6; 89.2] 0.009
p 0.506 0.500 0.794
Temp, Depressed 84.2 [76.6; 90.9] 83.9[76.3;90.4] 84.4[76.2;91.8] 0.094
Not depressed 78.3[75.7; 81.9] 77.7[75.5; 86.6] 77.7[75.0; 87.4] 0.207
p 0,047 0,052 0,047

Note: iEMG — integrated electromyography; PPG amplitude — systolic wave amplitude during photoplethysmography,; SC — skin

conductance; Temp. — temperature.
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Atthesametime, there were differences inrespiratory
indices between the patient groups: initially, depressed
individuals had higher RR and lower RCD than non-
depressed subjects (p = 0.046 and 0.037, respectively),
while non-D individuals had higher RR than their non-
depressed counterparts during the mental arithmetic
task (p =0.035). The frequency of the respiratory mode
was higher in individuals with de-pression during the
Stroop test (p = 0.026), the NNbc index was initially
higher in individuals without depression (p = 0.022),
but during stress testing, reliable differences in this
indicator ceased to be observed (Table 5).

Psychophysiological indices during mental stress
tests associated with psychological factors
To identify psychophysiological parameters during

mental stress that were independently associated
with psychological factors, we used binary logistic
regression. The model included all studied parameters
in the stress sessions, as well as age and gender. The
results of this analysis are presented in Table 6.

Notable differences in the binary logistic regression
data for individual psychological factors were noted. An
independent significant relationship with personality
type D was observed only for the following indicators:
heart rate (p = 0.022), Baevsky’s SI index (p = 0.004),
respiratory rate (p =0.020), and IARP (p <0.001) in the
mental arithmetic test. The only indicator associated
with the presence of depression was temperature in the
Stroop test (p = 0.028).

Significant differences in psychophysiological
indicators were noted with different severity of

Table 6. Results of binary logistic regression (forward LR method): association of psychophysiological indices during mental stress

tests with the psychological factors

B S.E Wald df Sig EXp(B) .................................
Lower Upper
""""""""""" Association of type D personality with psychophysiological indices during mental stress tests
HR (MAT) —0.084 0.037 5.246 1 0.022 0.919 0.855 0.988
SI (MAT) —0.032 0.011 8.266 1 0.004 0.969 0.948 0.990
RespRate (MAT) -0.203 0.087 5.413 1 0.020 0.816 0.687 0.968
IARP (MAT) 0.151 0.042 13.113 1 0.000 1.163 1.072 1.263
Constant 5.824 2.657 4.805 1 0.028 338.3
Association of depression with psychophysiological indices during mental stress tests
Temp (ST) 0.071 0.032 4.835 1 0.028 1.074 1.008 1.144
Constant —5.698 2.686 4.502 1 0.034 0.003
Association of GR_WSQ _1 with psychophysiological indices during mental stress tests
PWPT (MAT) —0.004 0.002 4.007 1 0.045 0.996 0.993 1.000
Temp (MAT) 0.081 0.037 4.757 1 0.029 1.084 1.008 1.166
RCD (ST) —0.159 0.082 3.742 1 0.053 0.853 0.726 1.002
Constant —4.403 3.014 2.133 1 0.144 0.012
Association of GR_WSQ_2 with psychophysiological indices during mental stress tests
RespRate (MAT) 0.153 0.064 5.667 1 0.017 1.166 1.027 1.323
PWPT (ST) —0.005 0.003 3.705 1 0.054 0.995 0.990 1.000
LF/HF (ST) —0.632 0.258 5.980 1 0.014 0.532 0.320 0.882
iEMG (ST) 0.019 0.015 1.618 1 0.203 1,.020 0.990 1.050
Constant —0.757 1.263 0.359 1 0.549 0.469
Association of GR_WSQ_S5 with psychophysiological indices during mental stress tests
RespRate (MAT) 0.131 0.059 4,976 1 0.026 1.140 1.016 1.280
SC (MAT) —0.080 0.040 3.937 1 0.047 0.923 0.853 0.999
Constant —-1.539 1.119 1.891 1 0.169 0.215
Association of GR_WSQ_8 with psychophysiological indices during mental stress tests
RRate (MAT) 0.154 0.061 6.306 1 0.012 1.167 1.034 1.316
Constant -2.530 1.121 5.096 1 0.024 0.080
Association of GR_A2 with psychophysiological indices during mental stress tests
Age 0.271 0.125 4.725 1 0.030 1.311 1.027 1.674
Constant -5.316 2.549 4.349 1 0.037 0.005

Note: CI — confidence interval;, HR - heart rate; IARP — indicator of the adequacy of regulatory processes;, iEMG — integrated
electromyography; LF/HF — low-to-high frequency ratio; MAT — mental arithmetic test; PPG amplitude — systolic wave amplitude
during photoplethysmography; PWPT — pulse wave propagation time; RCD — respiratory cycle duration; RespRate — respiratory rate;

SC — skin conductance; SI — Baevsky's strain index,; ST — Stroop test; Temp. — temperature.
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coping strategies. When comparing with coping
strategies according to the WCQ data, the following
independent associations were revealed according to
the binary logistic regression data. In individuals with a
predominance of the “Confrontation” coping strategy,
a significant association was noted with the following
indicators: PWPT (p = 0.045) and Temp (p = 0.029)
during the mental arithmetic test. For individuals with
a predominance of the “Distancing” coping strategy, an
association was noted with the RespRate (p = 0.017)
indicators in the mental arithmetic test and LF/HF
(p = 0.014) in the Stroop test. For individuals with a
predominance of the “Taking responsibility” coping
strategy, an association with the RespRate (p = 0.026)
and SC (p = 0.047) indicators was noted in the mental
arithmetic test. For individuals with a predominance
of the “Positive revaluation” coping strategy, an
association was found only with the RRate indicator in
the mental arithmetic test (p = 0.012). When comparing
the data of other coping strategies according to the
WCQ, as well as according to the SCI questionnaire,
no significant associations with psychophysiological
indicators were found during stress tests.

Discussion

Received data

Thus, based on the obtained indicators, it is clear
that representatives of personality type D had a greater
severity of anxiety and depressive symptoms compared
to individuals without personality type D, based on the
data of the HADS scale, and patients with depression
also tended to have personality type D, scoring higher
on the negative affectivity scale.

This study also shows that different psychological
factors have different effects on the dynamics of
psychophysiological parameters during mental stress
tests. All subjects showed markers of sympathetic
activation during stress testing against the back-ground
of moderate stressors according to the following
parameters: increased heart rate and shortening of R-R
intervals, increased NNBc against the background of
expo-sure; as well as increased skin conductivity. In
addition, the presence of both type D and depression
predisposed to the choice of maladaptive coping
strategies, however, the influence of personality type
D in this regard was more significant and extended to
a wider range of coping strategies. More pronounced
independent associations of personality type D with
psychophysiological parameters during mental stress
tests were noted compared to depression.

Also, the severity of individual coping strategies
influenced the reaction of psychophysiological
parameters during stress tests.

History of the study of the issue
In previous studies, the hemodynamic reaction to
stress factors was primarily studied in individuals with

personality type D. Early studies on this issue showed
that type D has an increased hemodynamic response to
various stresses (taxing mental arithmetic task or cold
pressor test) [38, 39]. However, in further studies using
tests with moderate psychoemotional stress, on the
contrary, the hemodynamic response to stress in type D
turned out to be smoothed out [40—42]. Manifestations
of such reduced stress reactivity in type D have been
noted for different studied cohorts. For example,
young female students have been shown to have a less
pronounced SBP response to a mental test [42], and
patients with CHF have been shown to have a lesser
increase in HR in response to acute social stress [40].
Several hypotheses have been made about precisely
these (smoothed) maladaptive hemodynamic responses
to stress in type D [43]. On the one hand, conducting
tests in laboratory conditions may not cause sufficient
motivation in type D, which leads to a less pronounced
hemodynamic response. On the other hand, difficulties
in social interactions in type D led to greater problems
in tests simulating such situations (for example, in
public speaking). It is in such cases that it is possible
to record increased hemodynamic stress reactivity
[44], but not in the performance of individual tasks
in laboratory conditions. However, when modeling
social isolation, participants exhibited significant
increases in cardiovascular and affective reactivity to
the socially evaluative stressor [45]. It should also be
taken into account that in stressful situations the body
reacts not only with changes in hemodynamics, which
is also evident in individuals with personality type D.
This has been shown in patients with cardiovascular
pathology. Thus, in arterial hypertension in type D, a
more pronounced decrease in the vasodilator response
under stress was noted [46]. In patients with coronary
heart dis-ease in type D, the presence of endothelial
dysfunction was revealed [47], and in acute coronary
events — dysfunction of the hypothalamic-pituitary-
adrenal axis and higher daily secretion of cortisol [48].
In personality type D, more pronounced sympathetic
activity is noted after public speaking, which reflects
the presence of dysautonomia in them [49]. The data
of the present study also confirm more pronounced
sympathetic activation in individuals with personality
type D according to the studied psychophysiological
parameters.

The present study revealed a number of unexpected
and contradictory results. First, although people with
personality type D have increased sympathetic nervous
system activity (e.g. elevated IARP) during stress, the
Baevsky’s stress index (SI) paradoxically decreases. It
can be assumed that the phenomenon of a paradoxical
decrease in SI during stress (against the background
of a parallel increase in IARP and an in-crease in RR,
typical of stress) can be explained by the difference
in the formulas for calculating these indicators. SI is
calculated using the formula AMo / (2X % Mo), and
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IAPR is calculated using the formula AMo / Mo. Mo
is the mode (in milliseconds) — the most frequently
occurring value of RR intervals. AMo is the mode
amplitude (in milli-seconds) — the proportion of
cardio intervals corresponding to the mode value
(these parameters reflect the influence of the central
mechanisms of heart rate regulation: through neural
(AMo) and humoral (Mo) channels). X is the difference
between the duration of the longest and shortest R-R
intervals (in milliseconds), this indicator is entirely
related to respiratory fluctuations in vagal tone [50].
Thus, SI takes into account additional parameters that
are not taken into account by IAPR (the influence of
the peripheral link, the indicator of which is reflected
in the denominator). And if SI decreases against the
background of stress, then the denominator in the
formula increases, i.e. the difference between the
maximum and minimum R-R values in-creases.
Perhaps this is explained by the fact that stress is acute,
i.e. it acts quickly, and the heart rate increases quickly
(and R-R, accordingly, decreases) — and the difference
between the duration of the largest and smallest R-R
intervals — also, accordingly, manifests itself quickly
and is pronounced. This phenomenon occurs during
the stress test, which lasts a maximum of 3 minutes.
Perhaps, in situations of chronic stress load, including
that caused by disease, such rapid changes in heart
rate do not occur (since the stress load is constant, and
does not appear quickly and over short time intervals).
Consequently, in this case, a persistent increase in SI
is determined primarily by the values of Mo and AMo,
i.e. parameters that reflect the central mechanisms of
regulation of the heart rhythm.

The decrease in respiratory rate under stress in
individuals with personality type D also requires
possible explanations. Personality type D carriers, in
accordance with the characteristics of this personality
type, are more susceptible to chronic stress, and they
also have an increased incidence of depression. With
chronic stress, as with depression, hyperactivity of
the hypothalamic-pituitary-adrenal axis develops (the
process is triggered by the amygdala, which transmits
a signal to the hypothalamus, where the production
of corticotropin-releasing factor is triggered, and,
as a result, the release of cortisol and adrenaline
by the adrenal glands), which contributes to the
development of a state of persistent sympathicotonia.
With prolonged exposure to a stressful situation,
depletion of the hypothalamic-pituitary-adrenal axis
and a decrease in the sensitivity of cortisol receptors
in the brain occur [51]. Next, a compensatory increase
in the tone of the parasympathetic nervous system
probably occurs, and its predominance develops, so
reactions to stress may be not sympathicotonic, but
parasympathicotonic in nature (such as, for example,
compensatory vagal modulation). Apparently, a
similar mechanism is responsible for smoothed

hemodynamic reactions to stress in individuals with
personality type D.

Until now, stress reactivity of individual
psychophysiological parameters has been studied
not in personality type D, but in other cohorts. in
personality type D has been poorly studied. To date,
these parameters have been studied in other cohorts of
healthy individuals and patients [52—54]. For example,
assessing skin conductivity during a mental stress test
has been proposed to predict the future development
of depression [52]. When continuously performing a
task of varying complexity, it has been pro-posed to
use the skin conductivity index to assess the level of
psychoemotional stress [54].

The study of EMG parameters during stress expands
the possibilities for assessing maladaptive reactions.
For example, facial muscle activity can be assessed to
identify differences in self-esteem during stress [55].
EMG registration allows one to assess the effect
of breathing exercises during the Stroop test [56].
Finally, EMG can be used for biofeedback training
as part of a rehabilitation program for psychosomatic
problems [57]. Accordingly, a com-prehensive
assessment of several physiological parameters during
stress can expand the possibilities for studying stress
reactivity. One example of such an approach was the
development of a stress resistance index based on
changes in a number of indica-tors, including EMG,
heart rate, respiratory rate, temperature, and skin
conductivity. As in our case, the authors of this study
used a biofeedback device, which emphasizes the
potential of this approach [25, 26].

Rationale and novelty of the study

As the results of this study showed, the presence of
personality type D can be ac-companied by deviations
in other psychological parameters — with the presence
of anxiety and depression, the predominance of
maladaptive coping strategies. As shown earlier, these
psychological characteristics themselves can affect stress
reactivity indicators. For example, the use of reappraisal
coping strategies has been associated with weakened
cardiovascular responses to stress [11]. Previous chronic
stress exposure and the use of maladaptive coping
strategies have been shown to have a negative impact
on cardiovascular reactivity. At the same time, the use
of adaptive coping styles can mitigate these effects and
improve cardiovascular reactivity [13]. Patients with
depressive symptoms immediately after myocardial
infarction have a smoothed diurnal serum cortisol profile.
This is especially pronounced in patients with longer-
term symptoms [8]. Interesting data were obtained when
examining the links between cardiovascular reactivity to
social stress and manifestations of psychological distress
in patients after acute coronary syndrome. Multiple linear
regression analysis showed an association between type
D personality and lower heart rate during social stress
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test periods. Depressive symptoms were associated
with higher systolic blood pressure during baseline and
test [9]. Similar differences in stress reactivity between
individuals with type D and depression were noted in
our study.

This study is apilot one in this direction. The problem
of optimal influences for correcting maladaptive
reactions to stress in personality type D is far from
being resolved [58, 59]. In our opinion, one of the
promising areas is to increase stress resistance in such
individuals. In our opinion, one of the promising areas
is to increase stress resistance in such individuals. It
has recently been shown that individuals who reported
a greater tendency toward religious and spiritual coping
demonstrated significantly lower SBP, DBP, and SBP
responses to acute mental stress [60]. However, such a
method of reducing stress reactivity cannot, of course,
be widely used. Interestingly, visualization ability
predicted lower perceived stress intensity and perceived
physiological arousal intensity, suggesting that greater
visualization ability may help people perceive stress
responses as more conducive to performance and thus
be an effective stress coping strategy [61]. Behavioral
intervention programs for this purpose deserve
attention, but they are difficult to include in everyday
clinical practice. It is quite possible that devices using
biofeedback will be more convenient in such programs.
The data of this study allow us to take the first step
in developing biofeedback methods in stress-limiting
therapy for individuals with personality type D. The
next stage of research requires an assessment of the
response of psychophysiological parameters to various
biofeedback options. Ultimately, it will be necessary
to evaluate biofeedback training programs to increase
stress resistance in individuals with personality type D.
In particular, relaxation training of various modalities
using biofeedback technologies looks promising. The
limitations of the study should be taken into account
when analyzing its results. First of all, the study
included a limited number of subjects, which could
affect the significance of the data. In addition, young
individuals without the diseases were examined, so
the results obtained cannot be used in other cohorts
(older age, presence of cardio-vascular pathology).
Also, in this study, personality type D was studied
as a dichotomous indicator, which could affect the
significance of the associations obtained (as was shown
earlier in the analysis of the prognostic value of type D
[62]). We recognize the limitations of the personality
type D construct we used, but in the design, we used
with the assessment of many additional indicators, this
approach appears optimal.

Conclusion

There is a high prevalence of personality type D
and depression among the examined cohort of young
healthy individuals. The presence of personality
type D (to a greater extent), like the presence of
depression, predisposes to the choice of maladaptive
coping strategies in the examined cohort. In addition,
representatives of personality type D have higher
activation rates of the sympathoadrenal system against
the background of stress exposure relative to the rest of
the population of young healthy individuals. That was
shown by the intergroup differences in IAPR (which
is a calculated index related to heart rate variability
indices, reflecting the degree of sympathetic influence
on heart rhythm in relation to the leading function of the
sinus node) which demonstrated significantly greater
increase when performing the mental arithmetic test (p
=0,026) and the Stroop test (p = 0,031) in individuals
with personality type D. Various psychological
factors have different effects on the dynamics of
psychophysiological indicators in mental stress tests,
which must be additionally taken into account when
developing stress-limiting effects. The possibility
of using a set of psychophysiological parameters in
biofeedback programs for individuals with personality
type D requires further study.

Conflict of interest

A.N. Sumin is the scientific editor of the journal
“Complex Issues of Cardiovascular Diseases”. N.N.
Zagorskaya declares no conflict of interest. A.V.
Shcheglova declares no conflict of interest. LY.
Prokashko declares no conflict of interest.

Financing

The study was supported by the Russian Federation,
specifically the Ministry of Science and Higher
Education of the Russian Federation, under the
Agreement for providing grant funding in the form of
subsidies from the federal budget, dated September 30,
2022, No. 075-15-2022-1202. The study is a part of
a comprehensive scientific and technological program
of the full innovation cycle, entitled “Development
and implementation of technologies in the fields of
solid mineral exploration and extraction, industrial
safety, bioremediation, and the creation of new
products through deep coal processing, all with a
gradual reduction of environmental impact and risks
to the population’s well-being”. This initiative was
established by the Russian Government's decree No.
1144-r on May 11, 2022.

Author Information Form

Sumin Alexey N., PhD, MD, Head of Laboratory of Comorbidity in Cardiovascular Diseases, Department of Clinical
Cardiology, Federal State Budgetary Institution “Research Institute for Complex Issues of Cardiovascular Disease”, Kemerovo,

Russian Federation; ORCID 000-002-0963-4793

7]
=
(=
a
=)
[
[75]
—
<
Z
|y}
&)
[
&
O




190 Biusnue Tuna auunocTn I Ha NCMXO(QU3UOIOTHYECKYHO PEAKTUBHOCTh

Zagorskaya Natalia N., Junior Researcher of Laboratory of Comorbidity in Cardiovascular Diseases, Department of Clinical
Cardiology, Federal State Budgetary Institution “Research Institute for Complex Issues of Cardiovascular Disease”, Kemerovo,

Russian Federation; ORCID 0009-0004-3218-3590

Shcheglova Anna V., PhD, MD, Senior Researcher of Laboratory of Comorbidity in Cardiovascular Diseases, Department
of Clinical Cardiology, Federal State Budgetary Institution “Research Institute for Complex Issues of Cardiovascular Disease”,

Kemerovo, Russian Federation; ORCID 0000-0002-4108-164X

Prokashko Ingrid Y., PhD, MD, Associate Professor of the Department of Normal Physiology, Federal State Budgetary
Educational Institution of Higher Education «Kemerovo State Medical University», Kemerovo, Russian Federation; ORCID

000-001-6717-6818

Author Contribution Statement

SAN — contribution to the concept and design of the study, data analysis, manuscript writing, editing, approval of the final

version, fully responsible for the content

ZNN — contribution to the concept of the study, data analysis, editing, approval of the final version, fully responsible for the

content

ShAV — contribution to the concept and design of the study, data collection and interpretation, editing, approval of the final

version, fully responsible for the content

PIYu — contribution to the concept and design of the study, data collection and interpretation, editing, approval of the final

version, fully responsible for the content

CIIMCOK JIMTEPATYPbI / REFERENCES

1. Belialov F.I., Sumin A.N., Garganeeva N.P., at al. Mental
disorders and cardiovascular diseases: guidelines of the baikal
psychosomatic association and the siberian psychosomatic
association. Complex Issues of Cardiovascular Diseases. 2024;
13, (3S), 222-253. https://doi.org/10.17802/2306-1278-2024-
13-3S-222-253

2. O’ Riordan, A., Howard, S., & Gallagher, S. Blunted
cardiovascular reactivity to psychological stress and
prospective health: a systematic review. Health psychology
review, 2023; 17(1), 121-147. https://doi.org/10.1080/17437
199.2022.2068639

3. Allen M. T. Integrative commentary: implications of
blunted reactivity. International journal of psychophysiology:
official journal of the International Organization of
Psychophysiology, 2013;  90(2), 95-98.  https://doi.
org/10.1016/].ijpsycho.2013.07.012

4. Bibbey, A., Carroll, D., Ginty, A. T., & Phillips, A. C.
Cardiovascular and cortisol reactions to acute psychological
stress under conditions of high versus low social evaluative
threat: associations with the type D personality construct.
Psychosomatic medicine, 2015; 77(5), 599-608. https://doi.
org/10.1097/PSY.0000000000000194

5. Yuenyongchaiwat, K., Baker, I. S., & Sheffield, D.
Symptoms of anxiety and depression are related to cardiovascular
responses to active, but not passive, coping tasks. Revista
brasileira de psiquiatria (Sao Paulo, Brazil: 1999), 2017; 39(2),
110-117. https://doi.org/10.1590/1516-4446-2016-1935

6. Bourassa, K. J., & Sbarra, D. A. Cardiovascular reactivity,
stress, and personal emotional salience: Choose your tasks
carefully. Psychophysiology,2022; 59(8), ¢14037. https://doi.
org/10.1111/psyp.14037

7. Parra-Gaete, C., & Hermosa-Bosano, C. A pilot
exploration of the relationships between optimism, affect, and
car-diovascular reactivity. Frontiers in psychology, 2023; 14,
1233900. https://doi.org/10.3389/fpsyg.2023.1233900

8. Wilkowska, A., Rynkiewicz, A., Wdowczyk, J., &
Landowski, J. Morning and afternoon serum cortisol level in
patients with post-myocardial infarction depression. Cardiology
journal, 2019; 26(5), 550-554. https://doi.org/10.5603/
CJ.a2017.0123.

9. Gecaite, J., Burkauskas, J., Brozaitiene, J., & Mickuviene,
N. Cardiovascular Reactivity to Acute Mental Stress: the
importance of type D personality, trait anxiety, and depression
symptoms in patients after acute coronary syndromes. Journal
of cardiopulmonary rehabilitation and prevention, 2019; 39(6),

E12-EI8. https://doi.org/10.1097/HCR.0000000000000457

10. Costache, A., Riza, A. L., Ioana, M., Glavan, D.
G., Dinca, M. E., Vladu, I. M., Popescu, M., & Udristoiu,
I. Circulating Cortisol in a Cohort of Depressive Patients.
Current health sciences journal, 2020; 46(1), 11-15. https://doi.
org/10.12865/CHSJ.46.01.02.

11. Lee, Y. S., Suchday, S., & Wylie-Rosett, J. Perceived
social support, coping styles, and Chinese immigrants’ cardio-
vascular responses to stress. International journal of behavioral
medicine, 2012; 19(2), 174-185. https://doi.org/10.1007/
$12529-011-9156-7

12. Schwerdtfeger, A. R., & Rathner, E. M. The ecological
validity of the autonomic-subjective response dissociation in
repressive coping. Anxiety, stress, and coping, 2016; 29(3),
241-258. https://doi.org/10.1080/10615806.2015.1048237.

13. Cavanagh, L., & Obasi, E. M. The Moderating Role of
Coping Style on Chronic Stress Exposure and Cardiovascular
Reactivity Among African American Emerging Adults.
Prevention science: the official journal of the Society for
Prevention Re-search, 2021; 22(3), 357-366. https://doi.
org/10.1007/s11121-020-01141-3.

14. Ginther, V., Strukova, M., Pecher, J., Webelhorst, C.,
Engelmann, S., Kersting, A., Hoffmann, K. T., Egloff, B., Okon-
Singer, H., Lobsien, D., & Suslow, T. Cognitive Avoidance Is
Associated with Decreased Brain Responsiveness to Threat
Distractors under High Perceptual Load. Brain sciences, 2023;
13(4), 618. https://doi.org/10.3390/brainsci13040618.

15. Exner, A., Kampa, M., Finke, J. B., Stalder, T,
Klapperich, H., Hassenzahl, M., Kleinke, K., & Klucken, T.
Repressive and vigilant coping styles in stress and relaxation:
evidence for physiological and subjective differences at baseline,
but not for dif-ferential stress or relaxation responses. Frontiers
in psychology, 2023; 14, 1196481. https://doi.org/10.3389/
fpsyg.2023.1196481.

16. Allen, S. F., Wetherell, M. A., & Smith, M. A. An
experimental investigation into cardiovascular, haemodynamic
and salivary alpha amylase reactivity to acute stress in Type
D individuals. Stress (Amsterdam, Netherlands), 2019; 22(4),
428-435. https://doi.org/10.1080/10253890.2019.1583741.

17. Bahari, A., Hasani, J., & Mashhadi Akbar Boojar,
M. (2021). Childhood trauma and type D personality: The
endocrine and cardiovascular effects on stress reactivity.
Journal of health psychology, 26(14), 2861-2875. https://doi.
org/10.1177/1359105320934181.

18. Denollet J. DS14: standard assessment of negative




AH. Cymun u np. 191

affectivity, social inhibition, and Type D personality.
Psychosomatic medicine, 2005; 67(1), 89-97. https://doi.
org/10.1097/01.psy.0000149256.81953.49.

19. Yetisir, A., Sariyildiz, A., Coskun Benlidayi, 1., &
Ozbek, S. Type D personality and social inhibition: drivers of
car-diovascular risk and reduced physical activity in psoriatic
arthritis. Clinical rheumatology, 2025; 44(3), 1163-1171.
https://doi.org/10.1007/s10067-025-07312-3.

20. Lodder, P., Wicherts, J. M., Antens, M., Albus, C.,
Bessonov, 1. S., Condén, E., Dulfer, K., Gostoli, S., Grande,
G., Hedberg, P., Herrmann-Lingen, C., Jaarsma, T., Koo, M.,
Lin, P, Lin, T. K., Meyer, T., Pushkarev, G., Rafanelli, C.,
Raykh, O. 1., Schaan de Quadros, A., ... Kupper, N. Type D
Personality as a Risk Factor for Adverse Outcome in Patients
With Cardiovascular Disease: An Individual Patient-Data
Meta-analysis. Psychosomatic medicine, 2023; 85(2), 188-202.
https://doi.org/10.1097/PSY.0000000000001164.

21. Sumin, A. N., & Shcheglova, A. V. Pathogenetic
Mechanisms Underlying Major Adverse Cardiac Events in
Personality Type D Patients after Percutaneous Coronary
Intervention: The Roles of Cognitive Appraisal and Coping
Strategies. Diagnostics (Basel, Switzerland), 2023; 13(21),
3374. https://doi.org/10.3390/diagnostics13213374.

22. Sanchez-Diaz, M., Montero-Vilchez, T., Quifiones-
Vico, M. I, Sierra-Sanchez, A., Ubago-Rodriguez, A.,
Sanabria-de la Torre, R., Molina-Leyva, A., & Arias-Santiago,
S. Type D Personality as a Marker of Poorer Quality of Life
and Mood Status Dis-turbances in Patients with Skin Diseases:
A Systematic Review. Acta dermato-venereologica, 2023; 103,
adv00846. https://doi.org/10.2340/actadv.v103.2741.

23. Pedersen, S. S., Johansen, J. B., Nielsen, J. C., Larroude,
C. E., Riahi, S., Melchior, T. M., Vinther, M., Skovbakke, S.
J., & Skov, O. (2025). Anxiety and depression in patients with
an implantable cardioverter defibrillator: Do personality and
ICD expectations play a role?. General hospital psychiatry, 94,
145-149. https://doi.org/10.1016/j.genhosppsych.2025.03.002.

24. Whitehead, D. L., Perkins-Porras, L., Strike, P. C.,
Magid, K., & Steptoe, A. Cortisol awakening response is
elevated in acute coronary syndrome patients with type-D
personality. Journal of psychosomatic research, 2007; 62(4),
419-425. https://doi.org/10.1016/j.jpsychores.2006.11.005.

25. Diaz-Ramos, R. E., Gomez-Cravioto, D. A., Trejo, L.
A., Lopez, C. F., & Medina-Pérez, M. A. Towards a Resilience
to Stress Index Based on Physiological Response: A Machine
Learning Approach. Sensors (Basel, Switzerland), 2021;
21(24), 8293. https://doi.org/10.3390/s21248293.

26. Figueroa, C., Ayala, A., Trejo, L. A., Ramos, B., Briz, C.
L., Noriega, 1., & Chavez, A. Measuring the Effectiveness of a
Multicomponent Program to Manage Academic Stress through
a Resilience to Stress Index. Sensors (Basel, Switzerland),
2023; 23(5), 2650. https://doi.org/10.3390/s23052650.

27. Pushkarev, G.; Kuznetsov, V.; Yaroslavskaya, E.L;
Bessonov, A.C. Reliability and validity of Russian version
of DS14 score for Ischemic Heart Disease patients. Russ. J.
Cardiol. 2016; 21(6), 50-54. https://doi.org/10.15829/1560-
4071-2016-6-50-54.

28. Andrjushhenko A.V., Drobizhev M.Ju., Dobrovol’skij
A.V. Comparative evaluation of the scales CES-D, BDI and
HADS (D) in the diagnosis of depression in general medicine,
Zhurnal nevrologii i psihiatrii im. S.S.Korsakova. 2003; 5,
11-18.

29. Wasserman, L.1.; Iovlev, B.V.; Isaeva, E.R.; Trifonova,
E.A.; SHCHelkova, O.Y.; Novozhilova, M.Y.; Vuks, A.Y.A.
Technique for Psychol. Diagnostics of Ways to Cope with
Stressful and Problematic Situations for a Person; NIPNI V.M.
Bekhtereva: St. Petersburg, Russia; 2008 (In Russ).

30. Dukhnovsky, S.V. Diagnostics of Interpersonal
Relationships; Rech: St. Petersburg, Russia; 2010 (In Russ).

31. Sumin, A. N., Prokashko, I. Y., & Shcheglova, A. V.
Evaluation of Coping Strategies among Students with Type
D Personality. International journal of environmental research

and public health, 2022; 19(8), 4918. https://doi.org/10.3390/
ijerph19084918.

32. Heart rate variability: standards of measurement,
physiological interpretation and clinical use. Task Force of
the European Society of Cardiology and the North American
Society of Pacing and Electrophysiology. (1996). Circulation,
93(5), 1043-1065.

33. Gerritsen,R.J. S., & Band, G. P. H. (2018). Breath of Life:
The Respiratory Vagal Stimulation Model of Contemplative
Activity. Frontiers in human neuroscience, 12, 397. https://doi.
org/10.3389/fnhum.2018.00397

34, Park, J., Seok, H. S., Kim, S. S., & Shin, H. (2022).
Photoplethysmogram Analysis and Applications: An Integrative
Review. Frontiers in physiology, 12, 808451. https://doi.
org/10.3389/fphys.2021.808451

35. Pluess, M., Conrad, A., & Wilhelm, F. H. (2009). Muscle
tension in generalized anxiety disorder: a critical review of the
literature. Journal of anxiety disorders, 23(1), 1-11. https://doi.
org/10.1016/j.janxdis.2008.03.016

36. Boucsein, W., Fowles, D. C., Grimnes, S., Ben-Shakhar,
G., roth, W. T., Dawson, M. E., Filion, D. L., & Society
for Psychophysiological Research Ad Hoc Committee on
Electrodermal Measures (2012). Publication recommendations
for electrodermal measurements. Psychophysiology, 49(8),
1017-1034. https://doi.org/10.1111/j.1469-8986.2012.01384.x

37. Vinkers, C. H., Penning, R., Hellhammer, J., Verster,
J. C., Klaessens, J. H., Olivier, B., & Kalkman, C. J. (2013).
The effect of stress on core and peripheral body temperature
in humans. Stress (Amsterdam, Netherlands), 16(5), 520-530.
https://doi.org/10.3109/10253890.2013.807243.

38. Williams, L., O’Carroll, R. E., & O’Connor, R. C.
Type D personality and cardiac output in response to stress.
Psy-chology & health, 2009; 24(5), 489-500. https://doi.
org/10.1080/08870440701885616.

39. Kupper, N., Pelle, A., & Denollet, J. Association of Type
D personality with the autonomic and hemodynamic response
to the cold pressor test. Psychophysiology, 2013; 50(12), 1194—
1201. https://doi.org/10.1111/psyp.12133.

40. Kupper, N., Denollet, J., Widdershoven, J., & Kop, W.
J. Type D personality is associated with low cardiovascular
reactivity to acute mental stress in heart failure patients.
International journal of psychophysiology: official journal of
the Interna-tional Organization of Psychophysiology, 2013;
90(1), 44-49. https://doi.org/10.1016/j.ijpsycho.2013.01.011.

41. Kelly-Hughes, D. H., Wetherell, M. A., & Smith, M.
A. Type D personality and cardiovascular reactivity to an eco-
logically valid multitasking stressor. Psychology & health,
2014; 29(10), 1156—-1175. https://doi.org/10.1080/08870446.2
014.915970.

42. O’Riordan, A., Howard, S., Keogh, T. M., & Gallagher,
S. Type D personality is associated with lower cardiovascular
reactivity to stress in women. Psychology & health, 2023;
38(11), 1515-1535. https://doi.org/10.1080/08870446.2021.20
25239.

43. O’Riordan, A., Gallagher, S., & Howard, S. Type
D personality and cardiovascular reactivity to acute
psychological stress: A systematic review and meta-analysis.
Health psychology: official journal of the Division of Health
Psychology, American Psychological Association, 2023; 42(9),
628—-641. https://doi.org/10.1037/hea0001328.

44. Riordan, A. O., Howard, S., & Gallagher, S. Social
Context and Sex Moderate the Association Between Type
D Per-sonality and Cardiovascular Reactivity. Applied
psychophysiology and biofeedback, 2019; 44(4), 321-330.
https://doi.org/10.1007/s10484-019-09447-x.

45. Williamson, T. J., Thomas, K. S., Eisenberger, N. 1., &
Stanton, A. L. Effects of Social Exclusion on Cardiovascular
and Af-fective Reactivity to a Socially Evaluative Stressor.
International journal of behavioral medicine, 2018; 25(4), 410—
420. https://doi.org/10.1007/s12529-018-9720-5

46. Sumin, A.N., Sumina, L.Y., Krasilova, T.A., Barbarash,

=
=
o
o
=
<
=
=
e
=
B
=

HCCIIEAJOBAHUSA




192

The influence of personality type d on psychophysiological reactivity

N.A. Endothelial stress response in hypertensive patients with
type D personality. Arterial’naya Gipertenziya, 2011; 17(5),
467-473. https://doi.org/ 10.18705/1607-419X-2011-17-5-
467-473

47. Denollet, J., van Felius, R. A., Lodder, P., Mommersteeg,
P. M., Goovaerts, I., Possemiers, N., Vanhees, L., Beckers,
P., Pattyn, N., & Van Craenenbroeck, E. M. Predictive value
of Type D personality for impaired endothelial function in
patients with coronary artery disease. International journal
of cardiology, 2018; 259, 205-210. https://doi.org/10.1016/j.
ijcard.2018.02.064.

48. Molloy, G. J., Perkins-Porras, L., Strike, P. C., &
Steptoe, A. Type-D personality and cortisol in survivors of acute
coronary syndrome. Psychosomatic medicine, 2008; 70(8),
863-868. https://doi.org/10.1097/PSY.0b013e3181842¢0c.

49. Koutnik, A. P., Sanchez-Gonzalez, M. A., May, R. W.,
Hughes, R. M., & Fincham, F. D. Impact of psychological
distress on cardiovagal reactivation after a speech task. Journal
of human hypertension, 2014; 28(6), 399-401. https://doi.
org/10.1038/jhh.2013.127.

50. Blinova, N. G., Igisheva, L. N., Litvinova, N.A. &
Fedorov, A.I. (2000). Practicum on psychophysiological
diagnostics, Moskva: Vlados. 128p.

51. Dubinina E.E., Shedrina L.V, & Mazo G.E. The Basic
Biochemical Aspects of the Pathogenesis of Depresion. Part 1.
Uspekhi fiziologicheskih nauk, 2018; 49(1), 28-49.

52. Kim, A. Y., Jang, E. H., Choi, K. W,, Jeon, H. J., Byun,
S., Sim, J. Y., Choi, J. H., & Yu, H. Y. Skin conductance
responses in Major Depressive Disorder (MDD) under mental
arithmetic stress. PloS one, 2019; 14(4), ¢0213140. https://doi.
org/10.1371/journal.pone.0213140.

53. Thurner, C., Horing, B., Zipfel, S., Stengel, A., &
Mazurak, N. Autonomic changes as reaction to experimental
social stress in an inpatient psychosomatic cohort. Frontiers
in psychiatry, 2022; 13, 817778. https://doi.org/10.3389/
fpsyt.2022.817778.

54. Kriklenko, E. A., Kovaleva, A. V., & Likhomanova,
E. N. An Individualized Approach to Skin Conductance As-
sessment during Execution of Tasks of Different Complexities.
Bulletin of experimental biology and medicine, 2024; 176(3),
310-314. https://doi.org/10.1007/s10517-024-06014-1.

55.Kroll, S. L., Mayo, L. M., Asratian, A., Yngve, A., Perini,
I., & Heilig, M. Negative self-evaluation induced by acute stress
indexed using facial EMG. Psychoneuroendocrinology, 2021;

133, 105402. https://doi.org/10.1016/j.psyneuen.2021.105402.

56. Liang, W. M., Xiao, J., Ren, F. F., Chen, Z. S., Li,
C. R, Bai, Z. M., & Ruksenas, O. (2023). Acute effect of
breathing exercises on muscle tension and executive function
under psychological stress. Frontiers in psychology, 2023; 14,
1155134. https://doi.org/10.3389/fpsyg.2023.1155134.

57. Sadora, J., Vilsmark, E., Bashara, A., Burton, D.,
Paschali, M., Pester, B., Curiel, M., Edwards, R., & Lazaridou,
A. Electromyography-biofeedback for chronic low back pain: A
qualitative cohort study. Complementary therapies in medicine,
2023; 73, 102922. https://doi.org/10.1016/j.ctim.2023.102922.

58. Cao, X., Wong, E. M., Chow Choi, K., Cheng, L., &
Ying Chair, S. Interventions for Cardiovascular Patients with
Type D Personality: A Systematic Review. Worldviews on
evidence-based nursing, 2016; 13(4), 314-323. https://doi.
org/10.1111/wvn.12153.

59. Lee, S.J.,Koh, S., Kim, B. O., Kim, B., & Kim, C. Effect
of Type D Personality on Short-Term Cardiac Rehabilitation in
Patients With Coronary Artery Disease. Annals of rehabilitation
medicine, 2018; 42(5), 748-757. https://doi.org/10.5535/
arm.2018.42.5.748.

60. O’Riordan, A., Costello, A. M., & Hill, T. D. Religious
and Spiritual Coping Mediates the Association between
Trait Extra-version and Cardiovascular Reactivity to Acute
Psychological Stress. Journal of religion and health, 2025;
10.1007/s10943-025-02392-6. Advance online publication.
https://doi.org/10.1007/s10943-025-02392-6

61. Beevor, H. J., Ginty, A. T., Veldhuijzen van Zanten, J.
J. C. S., & Williams, S. E. Mastery imagery ability moderates
the relationship between heart rate reactivity to acute
psychological stress and perceptions of stress and physiological
arous-al. Psychophysiology, 2024; 61(4), e14486. https://doi.
org/10.1111/psyp.14486

62. Lodder, P., Kupper, N., Antens, M., & Wicherts, J. M. A
systematic review comparing two popular methods to assess a
Type D personality effect. General hospital psychiatry, 2021; 71,
62-75.  https://doi.org/10.1016/j.genhosppsych.2021.04.002.
https://doi.org/10.1016/j.genhosppsych.2021.04.002.

63. Sumin A.N., Shcheglova A.V. Association of personality
type D and depression level with coping strategies in patients
with chronic coronary syndrome. "Arterial’'naya Gipertenziya"
("Arterial Hypertension"). 2024;30(3):304-317. (In Russ.)
https://doi.org/10.18705/1607-419X-2024-2305.

Jna yumuposanun: Cymun A.H., 3aeopckaa H.H., []ecnosa A.B., [Ipokawko U.IO. [Icuxoghusuonozuueckas peakmugHoCcms
8 YCNOBUAX IMOYUOHANILHO20 cmpecca y 300p0GbIX IuY. 6IusAHUe muna JuuHocmu [, ypoeHs denpeccuu u cmpameuil
cosnadanus. Komniexcuvie npobnemol cepoeuro-cocyoucmoix 3abonesanuil. 2025;14(6S): 177-192. DOI: 10.17802/2306-

1278-2025-14-6S-177-192

To cite: Sumin A.N., Zagorskaya N.N., Shcheglova A.V., Prokashko LY. Psychophysiological reactivity to mental stress
in healthy individuals: the influence of personality type D, depression level and coping strategies. Complex Issues of
Cardiovascular Diseases. 2025;14(6S): 177-192. DOI: 10.17802/2306-1278-2025-14-65-177-192




