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"Стресс есть неспецифический ответ организма на любое предъявление ему
требования […] Другими словами, кроме специфического эффекта, все
воздействующие на нас агенты вызывают также и неспецифическую потребность
осуществить приспособительные функции и тем самым восстановить нормальное
состояние. Эти функции независимы от специфического воздействия. 
Неспецифические требования, предъявляемые воздействием как таковым, — это и
есть сущность стресса

— Ганс Селье («Сресс жизни», 1956)



 

 
 

 



«Иногда случается, что человек падает
замертво в приступе неистовой ярости, и, возможно,
говорят, что у него было слабое сердце, которое не
могло выдержать напряжения, вызванного его
психическим состоянием. Похоже, что никто не
думает, что это всего лишь кульминация длинной
серии таких приступов безумия, которые сами по себе
вызвали рассматриваемую слабость».

(Manning, H. L., 1895, p. 325)

Manning HL. Physiological effects of anger. The journal of hygiene and 
herald of health. 1895;45:324–326.





Whole Brain Association with Stress-Related Increases in Cortisol. To
further examine the coordinated neural and neuroendocrine
response, whole brain regression analysis of the plasma cortisol
response during the S vs. N condition was conducted. Cortisol
increases (S-N) were associated with decreased VmPFC re-
sponse (r = −0.68; R2 = 0.47) and increased hypothalamus (r =
0.65; R2 = 0.43), right (R) amygdala/hippocampus (r = 0.72; R2 =
0.52) and ventral striatum (r = 0.61; R2 = 0.38) S-N whole
brain response (P < 0.05 WBC) [Fig. 2 and see SI Appendix, Table
S2 for Montreal Neurological Institute (MNI) coordinates].
Secondary analyses showed that sex did not influence these
significant effects.

Dynamic Temporal Changes in Stress/Neutral Brain Activation. Significant
condition (stress/neutral) by time period (early two, mid two, late
two runs) interaction effects indicated that dynamic changes in
neural activation in the late relative to early runs during stress versus
neutral were observed in the VmPFC, ventral striatum (VS), left (L)
insula, midbrain, L VLPFC, R hippocampus, temporal lobe, and L
precuneus/IPL regions (P < 0.05, WBC; large effect sizes were seen
for these activation clusters ranging from d = 1.21 to 1.85 (Fig. 3).
(Also see SI Appendix, Fig. S2 and Table S3 for MNI coordinates of
specific regions showing significant interaction effects across run
comparisons and conditions.) Furthermore, secondary analyses
showed that sex did not significantly influence these whole brain
interaction effects. The time courses of these dynamic functional
activations for representative and key specific ROIs are illustrated
for the VmPFC and ventral striatum across runs in Fig. 3 B, i and ii
(also see SI Appendix, Fig. S2). Interestingly, we found that the
VmPFC showed significant deactivation in the early period (runs 1–2
relative to stress baseline) and then a remarkable recovery in the late
period (runs 5–6 relative to the stress baseline) whereas the neutral
condition runs showed minimal change in the early runs and a
nonsignificant reduction in the later runs compared with the neutral
baseline (Fig. 3 B, i). Remarkably, the VS (Fig. 3 B, ii) showed no
changes in the early stress runs but a significant increase during the
late period, relative to changes in the neutral runs, resulting in an
overall interaction effect (Fig. 3A, columns 2 and 3). In contrast, we
also found an opposite dynamic response (Fig. 3 A and B, iii and iv)
during stress in the L VLPFC, L insula, bilateral middle temporal
lobe (MTL), and R hippocampus, with increases in neural activity
during the early period, followed by reduced activation during the
late stress period relative to no statistically significant change from
baseline in the early versus late runs of the neutral condition (Fig. 3A,

column 2), thereby suggestive of an adaptive or habituation network
representing the stress adaptation response.

Ventromedial PFC Functional Connectivity During Stress.As hypothesized,
we expected the VmPFC activation to show dynamic changes during
stress and to show increased connectivity with other executive and
attentional control regions during S vs. N states. To test this hy-
pothesis, we extracted the functional VmPFC response during aver-
aged stress response across all runs to assess functional connectivity
with the rest of the brain during stress versus neutral average and
stress compared with neutral conditions across all runs. We found
increased functional connectivity between the VmPFC and the L
anterior prefrontal cortex (aPFC) and the DLPFC [Brodmann area
(BA) 9 and 10] and IPL regions during S-N condition (P < 0.05
whole brain corrected), indicating increased connectivity with ex-
ecutive control and attention regions in the face of continued
stress (Fig. 4). On the other hand, we found negative inhibitory
connectivity between the VmPFC and limbic and striatal regions
of the amygdala, hippocampus, striatum, and insula but no dif-
ferential connectivity between these regions across the stress and
neutral conditions (SI Appendix, Fig. S3). The increased VmPFC
connectivity with aPFC/DLPFC and IPL did not correlate with
active coping or coping behaviors.

VmPFC Plasticity and Individual Differences in Coping. To test the hy-
pothesis that the dynamic responses in VMPFC contribute to sig-
nificant variations in stress coping, we used an individual differences
approach to assess whether individual differences in VmPFC plas-
ticity was associated with active coping and maladaptive coping
behaviors. In a separate session, all subjects completed assessments
on real life coping responses and also reported on common coping
behaviors (such as emotional eating and frequency and number of
alcohol drinks consumed) and on the frequency of interpersonal
arguments and fights (see SI Appendix for description of these
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Fig. 2. Correlation images from whole brain regression analysis showing as-
sociation between stress-neutral (S-N) brain activity and cortisol response (S-N)
are shown in A (P < 0.05, whole brain corrected) (see SI Appendix, Table S2 for
MNI coordinates from the whole brain regression analyses). Corresponding
correlation scatterplots from extracted beta weights of ROIs indicating areas of
association from the S-N regression map and the S-N cortisol responses are
shown in B. Red/yellow, positive correlation; blue-purple, negative correlation.
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Fig. 3. Significant condition × time period interactions in whole brain analysis
showing time-dependent neural changes in brain response to stress. (A) Late–early
runs of stress (first column), neutral (second column), and their contrast of stress-
neutral (S-N) (third column) show increased dynamic activity for stress in the
VmPFC, posterior cingulate cortex, and middle occipital gyrus, but decreased ac-
tivity in the L ventrolateral PFC (VLPFC), insula, and superior/middle temporal gyrus,
and no similar late-versus-early run changes in the neutral condition (second col-
umn). The S-N (third column) contrast indicates increased activity in the VmPFC and
ventral striatum, midbrain, and L middle occipital gyrus, but decreased activity in
the L VLPFC, insula, and superior/middle temporal gyrus for stress (late–early)–
neutral (late–early) contrasts (P < 0.05, whole brain corrected). (B, i–iv) Time courses
of responses across runs in key regions of interest (VmPFC, ventral striatum,
L VLPFC, and insula) are shown to illustrate simple effects assessed in the whole
brain contrasts of the interaction effects shown in A. Early, first two runs; Late, last
two runs (of the successive six-run block for each condition); red/yellow, increased
relative activation; blue/purple, decreased relative activation.

Sinha et al. PNAS | August 2, 2016 | vol. 113 | no. 31 | 8839

N
EU

RO
SC

IE
N
CE

PS
YC

HO
LO

G
IC
A
L
A
N
D

CO
G
N
IT
IV
E
SC

IE
N
CE

S

Sincha R., Lacadie C.M., Constable R.T., Seo D. Dynamic neuronal 
activity during stress signals resilient coping. PNAS, August 2, 2016,
Vol. 113, no 31, P. 8837-8842. 



Отложение фибриногена, IgG, 
кровоизлияния и ангиогенез в 

мозге мышей при действии 
хронического стресса

а – минимальное отложение фибриногена и маркеров 
ангиогенеза у нестрессированных мышей;
b – периваскулярное отложение фибриногена и 
ангиогенез у мышей, подвергшихся восдействию
стресса;
с – утечка паренхиматозного фибриногена, 
окруженного маркерами ангиогенеза у мышей, 
подвергшихся восдействию стресса;;
d – периваскулярное накопление фибриногена с 
минимальным ангиогенезом в мозге у мышей, 
подвергшихся восдействию стресса.

е – сосудистая система мышей, окрашенных лектином c 
изолированными точечными кровоизлияниями: HC – в контроле; 
CSD – подвергнутых действию стресса;
f – периваскулярное отложение фибриногена (существенно выше 
у CSD);
g – анатомические места и распространенность точечных 
кровоизлияний у HC и CSD;
h, I – утечка IgG за пределы сосудистой сети.

Lehmann ML, Poffenberger CN, Elkahloun
AG, Herkenham M. Analysis of 
cerebrovascular dysfunction caused by 
chronic social defeat in mice. Brain Behav
Immun. 2020;88:735-747. 
doi:10.1016/j.bbi.2020.05.030
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Abstract
Psychogenic stress contributes to the formation of brain pathology. Using gene expression
microarrays, we analyzed the hippocampal transcriptome of mice subjected to acute and
chronic social stress of different duration. The longest period of social stress altered the
expression of the highest number of genes and most of the stress-induced changes in tran-
scription were reversible after 5 days of rest. Chronic stress affected genes involved in the
functioning of the vascular system (Alas2, Hbb-b1, Hba-a2, Hba-a1), injury response (Vwf,
Mgp, Cfh, Fbln5, Col3a1, Ctgf) and inflammation (S100a8, S100a9, Ctla2a, Ctla2b, Lcn2,
Lrg1, Rsad2, Isg20). The results suggest that stress may affect brain functions through the
stress-induced dysfunction of the vascular system. An important issue raised in our work is
also the risk of the contamination of brain tissue samples with choroid plexus. Such contam-
ination would result in a consistent up- or down-regulation of genes, such as Ttr, Igf2,
Igfbp2, Prlr, Enpp2, Sostdc1, 1500015O10RIK (Ecrg4), Kl, Clic6, Kcne2, F5, Slc4a5, and
Aqp1. Our study suggests that some of the previously reported, supposedly specific
changes in hippocampal gene expression, may be a result of the inclusion of choroid plexus
in the hippocampal samples.

Introduction
Prolonged stress is an important risk factor for depression [1,2], anxiety [1], drug addiction
[3], cardiovascular disease [4,5], ulcers [6], and cancer [7]. Therefore, understanding of the
adaptive and maladaptive responses to stressors can unravel the pathogenesis of stress-related
diseases. One of the key brain areas involved in stress responses is the hippocampus, which is
responsible for the consolidation and retrieval of contextual memories [8]. The relationship
between stress and learning is important for several reasons. Stress produces intense and long
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Regional expression analysis using the Allen Brain Atlas
The analysis revealed that two clusters contain genes, whose expression is enriched in tissues
located in the vicinity of the hippocampus according to the Allen Brain Atlas. Cluster 7 is char-
acterized by the presence of genes enriched in the choroid plexus (Figs 4B and 6). Out of 76
genes from this cluster, 20 are not expressed in the hippocampus while the remaining genes
display various hippocampal expression located mainly in the pyramidal or granule cell layers.
In all cases the average expression within the entire hippocampal area is lower than in the cho-
roid plexus (Fig 6). Five genes from this cluster (2900017F05Rik, AK048085, Gm5480, Tuba1c,
Vpreb1) are not present in the Allen Brain Atlas.

The cluster 10 (Fig 5A) contain genes, whose expression is enriched in the midline struc-
tures such as habenula and septal nuclei. The subcluster 10a contains 5 genes (Eomes, Ebf3, Sln,
Postn, Gpr88) that are expressed in septal nuclei (triangular or lateral nucleus), the subcluster
10b contains genes that are expressed in habenula (Gpr151, Slc5a7, Syt9, Irx1, Tac2) while the
subcluster 10c contains genes that are expressed both in septal nuclei and habenula (Cbln1,
Slc17a6, Calb2, Zic1) or only in habenula (Tcfl2) (S1 Fig). Other genes (Ebf2, Scn5a, Gusb,
Inadl, Scx, Tnnt1, Slitrk6, Synpo2, and Zic4) displayed much lower mean expression in all tested
areas (S1 Fig) or were not available in the Allen Brain Atlas (Ctxn3, 9430085L16Rik,
1500016L03Rik, and Gng8).

Annotation enrichment of clusters
Clusters were annotated with information on biological processes, molecular functions, cellular
components, biochemical pathways enriched in cluster and hypothetical regulatory factors (S5
Table), as well as basal gene expression levels in brain areas, immune cells and other selected
tissues (S6 Table). Briefly, genes belonging to cluster 9 are highly expressed in microglia and
immune cells, as compared to neuronal tissue. Genes comprising cluster 8 participate in the
response to cytokines, and more specifically, to interferon-gamma and beta, and are regulated
by IRF transcription factor. The expression of these genes is higher in immune cells compared
to brain. Genes comprising cluster 4 and 4b are involved in processes, such as long-chain fatty
acid binding, neutrophil aggregation and chemotaxis. Genes comprising cluster 5 participate in
forming hemoglobin complex, O2/CO2 exchange in erythrocytes, immune system process and

Fig 2. Summary of microarray data. A—total number of significantly regulated genes. B—Venn diagram
showing differences and similarities in gene expression between different stress regimes. Each colored
ellipse represents one treatment group. Numbers of genes common between treatment groups are depicted
on intersections between ellipses.

doi:10.1371/journal.pone.0142195.g002

Effect Stress on Hippocampal Transcriptome in Mice
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Introduction
Epidemiological studies confirm that both experiencing a 
greater number of stressful events and reporting high per-
ceived stress over long periods of time are associated with 
worse mental and physical health, and mortality (Epel 
et al., 2018). The association between greater stressor expo-
sure and increased disease risk has been replicated with 
many different types of stressor exposures (e.g. discrimina-
tion, caregiving, work stress) and a range of aging-related 
health outcomes (e.g. cardiovascular disease, metabolic 
syndrome, mortality). The mechanistic pathways underly-
ing these associations have also been detailed (Boyce, 
2015; McEwen, 2015; Miller et al., 2009). Despite this 
compelling evidence, however, health researchers often 
measure stress using unvalidated measures or select a sin-
gle type of stress to measure, thus either missing entirely or 
underestimating the role stress plays in predicting disease 
onset or progression.

One of the main reasons for the lack of sophisticated 
measurement and inclusion of psychological stress in 
health models may be the incorrect assumption that stress 
is too broad and nebulous of a construct to accurately 
measure. It is true that psychological scientists too often 
fail to specify what they mean when using the term 
“stress” or other variants such as “stressor,” “acute stress,” 
“stress response,” and “stress biomarker.” Social and 

behavioral scientists tend to use the term loosely, often 
failing to define it clearly in a manuscript and using it to 
refer to a range of experiences, from living in poverty to 
giving a public speech to current negative mood. Kagan 
(2006) pointed out this lack of specificity, providing a fair 
critique of the state of the literature. The lack of specific-
ity in language, however, does not represent a true lack of 
specificity in theoretical or methodological approaches. 
Although psychological stress researchers have made 
great strides in differentiating different forms of stress in 
recent decades, the problem is rather that the language 
used in journal articles has not always accurately reflected 
these advancements—and these advancements have been 
kept within a small, specialized subset of researchers. 
Thus, the purpose of this article is to provide health 
researchers across disciplines with a useful update on best 
practices for measuring stress and offer suggested lan-
guage for how to describe stress-related constructs with 
more granular language.

Best practices for stress measurement: 
How to measure psychological stress in 
health research

Alexandra D Crosswell  and Kimberly G Lockwood

Abstract
Despite the strong evidence linking psychological stress to disease risk, health researchers often fail to include psychological 
stress in models of health. One reason for this is the incorrect perception that the construct of psychological stress is 
too vague and broad to accurately measure. This article describes best practices in stress measurement, detailing which 
dimensions of stressor exposures and stress responses to capture, and how. We describe when to use psychological 
versus physiological indicators of stress. It is crucial that researchers across disciplines utilize the latest methods for 
measuring and describing psychological stress in order to build a cumulative science.
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Таблица 1.
Типы стресса по шкале времени.

Тип стресса Определение Актуальность для здоровья

Хронический
стресс

Хронические стрессоры - это продолжительные угрожающие или сложные обстоятельства, которые нарушают
повседневную жизнь и продолжаются в течение длительного периода времени (минимум один месяц).

Люди, находящиеся в состоянии хронического стресса, подвергаются
большему риску хронических заболеваний, смертности и ускоренного
биологического старения ( Epel et al., 2018 ; Holt-Lunstad et al., 2015 ; Nyberg et
al., 2013 ).

Жизненные
события

Жизненные события - это ограниченные по времени и эпизодические события, которые включают
существенную адаптацию к текущему образцу жизни, например, увольнение, попадание в автокатастрофу или
смерть любимого человека. Некоторые жизненные события могут быть положительными (например, женитьба,
переезд на новое место), а некоторые становятся хроническими (например, инвалидность в результате
автомобильной аварии).

Подверженность более стрессовым жизненным событиям связана с
ухудшением психического здоровья в дополнение к развитию и
прогрессированию сердечно-сосудистых заболеваний, а также смертности от
сердечно-сосудистых заболеваний и рака ( Chida et al., 2008 ; Cohen et al., 2007 ;
Steptoe and Kivimäki , 2013 ).

Травматические
жизненные
события

Травматические жизненные события - это подкласс жизненных событий, при которых возникает угроза
физической и / или психологической безопасности.

Переживание большего количества травмирующих событий на протяжении
жизни неизменно связано с ухудшением здоровья и смертностью ( Gawronski et
al., 2014 ; Keyes et al., 2013 ; Krause et al., 2004 ; Rosengren et al., 2004 ).

Ежедневные
неприятности
(то есть
ежедневные
стрессоры)

Перебои или трудности, которые часто случаются в повседневной жизни, такие как незначительные ссоры,
дорожное движение или рабочая перегрузка, и которые могут накапливаться сверхурочно, вызывая постоянное
разочарование или подавленность.

Более сильная эмоциональная реакция на эти повседневные неприятности
связана с ухудшением психического и физического здоровья ( Almeida, 2005 ;
Charles et al., 2013 ; Chiang et al., 2018 ; Sin et al., 2015 ).

Острый стресс Кратковременное, событийное воздействие угрожающих или вызывающих раздражителей, вызывающих
психологическую и / или физиологическую стрессовую реакцию, например публичное выступление.

Более высокая реактивность сердечно-сосудистой системы на острые
стрессоры проспективно связана с повышенным риском сердечно-сосудистых
заболеваний ( Brosschot et al., 2005 ; Chida and Steptoe, 2010 ; Steptoe and
Marmot, 2005 ).
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Таблица 2.
Сводка шагов для выбора подходящих мер стресса.

Шаги по выбору подходящей меры психологического стресса.

1. Определите тип (ы) стресса, который вы намереваетесь зафиксировать, исходя из вашего исследовательского вопроса и уникальности вашей выборки.

2. Определите временные рамки воздействия стрессора и то, как вы будете фиксировать объективное воздействие. В частности, для переменной воздействия вам может потребоваться разработать
собственный показатель, основанный на уникальности вашей выборки.

3. Определите, какие типы стрессовых реакций вы можете оценить в плане вашего исследования (например, психологические, поведенческие, когнитивные, физиологические).

4. Определите жизненный этап, на котором возникает стрессор, и выберите меру, подходящую для этого конкретного жизненного этапа.

5. Определите дополнительные характеристики стрессора, которые важно уловить (например, серьезность, управляемость, цель стрессора) и то, как они будут оцениваться (например, объективный
рецензент, отчет участника, априорный план исследования).

6. Рассмотрите окно оценки ваших измерений и выберите меры, соответствующие временным рамкам воздействия и / или реакции, которые вы собираетесь зафиксировать.

7. Ищите хорошо проверенные шкалы, отражающие эти аспекты. Обычно используют несколько шкал для определения различных аспектов воздействия стресса и реакции на стресс, а также диапазона
типов стресса, которые могут иметь отношение к вашей выборке. Набор инструментов сети измерения напряжения предоставляет проверенные и тщательно отобранные меры стресса (
https://stresscenter.ucsf.edu/ ).

Компьютерные 
программы

STRAIN (The Stress and 
Adversity Inventory)
LEDS (The Life Events and 
Difficulties Schedule)
PTSD Coach (mHealth)



Article

Chronic Stress in Children and Adolescents:
A Review of Biomarkers for Use in
Pediatric Research

Eileen M. Condon, MSN, APRN, FNP-BC1

Abstract
Problem: Incorporating biomarkers of chronic stress into pediatric research studies may help to explicate the links between
exposure to adversity and lifelong health, but there are currently very few parameters to guide nurse researchers in choosing
appropriate biomarkers of chronic stress for use in research with children and adolescents. Methods: Biomarkers of chronic
stress are described, including primary mediators (glucocorticoids, catecholamines, and cytokines) and secondary outcomes
(neurologic, immune, metabolic, cardiovascular, respiratory, and anthropometric) of the chronic stress response. Results:
Evidence of the use of each biomarker in pediatric research studies is reviewed. Recommendations for pediatric researchers,
including selection of appropriate biomarkers, measurement considerations, potential moderators, and future directions for
research, are presented. Discussion: A wide range of biomarkers is available for use in research studies with children. While
primary mediators of chronic stress have been frequently measured in studies of children, measurement of secondary outcomes,
particularly immune and metabolic biomarkers, has been limited. With thoughtful and theoretically based approaches to selection
and measurement, these biomarkers present an important opportunity to further explore the physiologic pathways linking
exposure to chronic stress with later health and disease. Conclusion: The incorporation of chronic stress biomarkers into
pediatric research studies may provide valuable insight into the mechanisms through which stressful environments “get under the
skin” and ultimately inform efforts to promote health and reduce inequities among children exposed to adversity.

Keywords
stress, allostasis, biomarkers, child health, vulnerable populations

Exposure to chronic stress can lead to brain alterations and
physiological disruptions that impact health and developmental
outcomes across the life course (S. B. Johnson, Riley, Granger,
& Riis, 2013; McEwen, 2012; Shonkoff et al., 2012). This
exposure can be particularly harmful for children because vul-
nerability to the effects of chronic stress is clearly heightened
during sensitive and critical periods in the prenatal, early child-
hood, and adolescent stages of development (Andersen, 2003;
Fox, Levitt, & Nelson, 2010). Understanding the physiological
pathways through which the physical and social environments
“get under the skin” is a crucial step toward promoting health
and reducing health inequities among children exposed to
stressful environments (Garner, Shonkoff, Committee on Psy-
chosocial Aspects of Child and Family Health, Committee on
Early Childhood, Adoption, and Dependent Care, & Section on
Developmental and Behavioral Pediatrics, 2012; Hertzman &
Boyce, 2010; McEwen, 2012). Integration of biological mar-
kers into pediatric research is one approach that may help to
further explicate the pathways that link exposure to chronic
stress and lifelong health.

Biological markers, or biomarkers, are objective measure-
able indicators of biological processes (Institute of Medicine,

2010). Researchers use biomarkers to evaluate normal biologi-
cal processes, to evaluate biological responses to interventions,
or as surrogates for clinical end points to assist with diagnosis
and monitoring of disease (Colburn et al., 2001; Institute of
Medicine, 2010). In pediatric research, biomarkers may be used
to understand the pathogenic processes associated with expo-
sure to chronic stress in childhood and adolescence. However,
there are currently very few parameters to guide researchers in
choosing appropriate biomarkers of chronic stress (Granger,
Johnson, Szanton, Out, & Schumann, 2012; Juster, McEwen,
& Lupien, 2010; Rodriguez et al., 2016). The purpose of this
article is to describe biomarkers of chronic stress and review
evidence of their use in pediatric research. I also discuss stra-
tegies and methods for biomarker collection, possible
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Таблица 2.
Первичные медиаторы стрессовой реакции.

Заметка. Ось HPA = ось гипоталамус-гипофиз-надпочечники; IL = интерлейкин; СНС = симпатическая нервная система; TNF-α = фактор некроза опухоли-α.

Биомаркер Измерение Обзор функции биомаркера

Глюкокортикоиды

 Кортизол Сыворотка, слюна,
моча и волосы

Производится надпочечниками в ответ на активацию оси HPA; участвует в регуляции жидкости, воспалении, функционировании иммунной системы,
метаболизме, транспорте глюкозы, аппетите, познании и воспроизводстве

Катехоламины

 Адреналин Сыворотка и моча Высвобождается мозговым веществом надпочечников в ответ на стресс; действует на скелетные мышцы, увеличивает частоту сердечных сокращений
и уровень глюкозы

 Норэпинефрин Сыворотка и моча Высвобождается симпатическими нейронами в ответ на стресс в СНС; регулирует сужение кровеносных сосудов и приток крови к органам с
иннервацией симпатического нерва

 Дофамин Сыворотка и моча Высвобождается мозговым веществом надпочечников и периферическими симпатическими нервами в ответ на СНС; участвует в когнитивных,
поведенческих и сердечно-сосудистых реакциях на стресс

Цитокины

 IL-6, IL-1β, TNF-α,
цитокиновые панели

Сыворотка и слюна Межклеточные белковые посланники иммунной системы, вырабатываемые локально иммунными клетками и органами, такими как мозг и печень;
регулируют провоспалительные и противовоспалительные реакции на стресс

Таблица 3.
Вторичные исходы, связанные с хроническим стрессом.

Заметка. ВНС = вегетативная нервная система; ИМТ = индекс массы тела; fMRA = функциональная магнитно-резонансная томография; ЛПВП = липопротеины высокой плотности; HPA = гипоталамус-гипофиз-
надпочечники; IgA = иммуноглобулин; ЛПНП = липопротеины низкой плотности; МРТ = магнитно-резонансная томография; RSA = аритмия дыхательного синуса; СНС = симпатическая нервная система.

Биомаркер Измерение Обзор функции биомаркера

Неврологический

 Объем / активность гиппокампа МРТ и фМРТ Участвует в обучении и формировании памяти; также регулирует отрицательную обратную связь глюкокортикоидов в ответе оси HPA на стресс

 Объем / активность миндалины МРТ и фМРТ Участвует в кондиционировании страха и эмоциональной обработке

Иммунная

 С-реактивный белок Сыворотка, слюна и моча Белок синтезируется в печени; стимулируется воспалительными цитокинами и изменяется уровнем глюкокортикоидов

 Фибриноген Сыворотка и моча Гликопротеин, продуцируемый печенью; участвует в агрегации тромбоцитов и эритроцитов, определяет вязкость плазмы

 Секреторный IgA Сыворотка, слюна и моча Антитела в основном вырабатываются слизистыми оболочками кишечного тракта; защищает эпителий от вредных токсинов и микроорганизмов

Метаболический

 Инсулин Сыворотка, слюна и моча Гормон, вырабатываемый поджелудочной железой; участвует в метаболизме глюкозы

 Глюкоза Сыворотка, слюна и моча Моносахарид синтезируется в печени и почках; основной источник энергии тела

 Лептин Сыворотка, слюна и моча Гормон, выделяемый из жировой ткани; регулирует энергетический гомеостаз

 α-амилаза Сыворотка, слюна и моча Фермент, вырабатываемый слюнными железами; инициирует переваривание углеводов и крахмалов.

 Липиды Сыворотка, слюна Липопротеины (ЛПВП и ЛПНП) и триглицериды, отвечающие за транспорт холестерина и пищевых жиров

Сердечно-сосудистые и респираторные

 Артериальное давление Сфигмоманометр Отражает силу, оказываемую кровью на стенки кровеносных сосудов во время систолы и диастолы; повышенная реакция соцсети на стресс

 Частота сердцебиения Артериальная пульсация Количество пальпаций, сделанных сердцем за указанный промежуток времени; повышенная реакция соцсети на стресс

 Изменчивость сердечного ритма ЭКГ Вариация временного интервала между пальпациями сердца; отражает активность ВНС

 ЮАР ЭКГ Изменение частоты сердечных сокращений, возникающее во время дыхательного цикла; индикатор тонуса блуждающего нерва

Антропометрический

 ИМТ Рост и вес Измерение веса относительно роста; оценка процентного содержания жира в организме на основе возрастных и гендерных стандартов

 Обхват талии Обхват талии Измерение расстояния вокруг живота; оценка абдоминального ожирения
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Различие рисков между группами подверженными 
и не подверженными стрессу

Natural (nonrandomized) experiments might be infor-
mative. A far-reaching, population-wide option against  
stress in the general population is to legislate against com-
mon stressors in the same way as other health  hazards are 
dealt with, for example, exposure to chemical toxins. This 
approach has been adopted at least in work stress. One 
example comes from the European Union and Canada, 
where legislation that provides workers with the right 
to cap their working hours at 48 h per average week has 
been implemented155. Another example is a French law 
for employees’ “right to disconnect” (REF. 156). This 
law requires companies to establish hours when staff 
should not send or answer emails, with a view to ensur-
ing rest periods and preventing burnout by protecting 
private time. Neither of these laws was enacted with 
cardio vascular disease prevention in mind. Nonetheless, 
analy ses of risk of cardiovascular disease before and after 
the implementation of the legislation, with comparisons 
to countries with no such policy, could provide an oppor-
tunity to evaluate the effects of stress-related interven-
tions in the general population. We are not aware of the 
 existence of such analyses.

Population-strategies for reducing the risk of acute 
triggering of cardiac events by stress might also be pos-
sible157. One possibility is increasing precautions in high-
risk situations, such as major sporting events and natural 
disasters. Improved access to defibrillators, public health 
awareness programmes, and education of emergency and 
health professional staff in the dangers of these settings 
would ensure more rapid responses to potentially fatal 
symptoms. Mobile technologies and mHealth interven-
tions might also offer ways of delivering mental health 
support to mitigate stress in people experiencing war, 
ethnic conflict, and human-caused and natural disasters. 
The platforms include social media, video teleconfer-
encing, text messaging, and smartphone-based applica-
tions (for example, PTSD Coach has been downloaded 
>243,000 times in 96 countries)158. To date, systematic 
research on the potential benefits of these interventions 
for cardiovascular disease prevention is not available.

For stressors that are difficult to manipulate, a way 
forward is to intervene on the intermediary factors 
that are downstream on the causal pathway and target 
them by proven, evidence-based prevention strategies. 
As cardiovascular disease is a multifactorial condition, 
removal of any of the standard risk factors would reduce 
overall risk. Accordingly, physical activity has been 
suggested as an intervention to mitigate adverse stress 
effects159. Indirect evidence supports this approach, with 
meta-analyses of trial findings showing that physical 
activity might alleviate distress feelings, such as depres-
sion and anxiety160, and extensive observational evidence 
support a protective effect of physical activity on cardio-
vascular disease148. Workplace wellness programmes, 
such as those promoted by the AHA, are designed to 
support healthy lifestyles, including routine health 
screenings and the facilitation of healthy eating, weight 
management, and physical activity161,162. These wellness 
programmes could also be beneficial for people under 
stress, although, again, systematic research on benefits 
and harms of these programmes is lacking.

Targeted strategies
FIGURE 5 illustrates that, in terms of reducing absolute risk, 
prevention and treatment focusing on individuals at high 
overall risk of cardiovascular disease32 and patients with 
pre-existing disease62 might seem a more attractive target 
group than the general population10. The rationale is that, 
for example, a 1.5-fold increase in relative risk of disease 
owing to stress would mean that a person with a high 
(>10%) overall risk of a cardiovascular disease event in 
the next 10 years on the basis of established risk factors 
would actually have a 15% overall risk after also account-
ing for stress. By contrast, in a person with a low (1%) 
overall risk of cardiovascular disease, a 1.5-fold excess risk 
of disease owing to stress would increase the  overall 
risk only to 1.5%, a relatively trivial clinical difference.

The greatest stress effects are the triggering of cardio-
vascular events among individuals with high cardiovas-
cular risk or with established disease when exposed 
to stressful events, such as emotional upset, adverse 
changes at work, major life events, and natural and 
unnatural catastrophes. These stressors are difficult to 
address by interventions, because such events are typi-
cally stochastic and, therefore, are difficult to predict. 
For this reason, a more typical approach in targeted 
interventions involves strengthening stress management 
skills and psychosocial support more generally.

A systematic review and meta-analysis of psycho-
logical treatment among cardiac patients, published in 
2007, identified 43 relevant randomized trials, of which 
23 reported mortality data for almost 10,000 patients163. 

Figure 5 | Absolute risk difference between groups 
exposed and not exposed to stress. 'UVKOCVGF���[GCT�
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disease have high overall rates of morbidity and mortality, 
and in these groups, the moderately and strongly increased 
relative risk associated with stress translates to large 
differences in absolute risk between those exposed to 
stress versus those not exposed to stress.
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Kivimäki, M. & Steptoe, A. (2018) Effects of stress on the development and progression of cardiovascular disease
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Схематическая модель физиологических реакций и 
патофизиологических эффектов стресса 
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Оксид азота

Гормоны стресса
Антиоксидантная 

система
Прооксидантная

активность
Эндотелин 1

Ангиотензин II
Сосудистое    

воспаление

•АКТГ
•кортизол
•катехоламины
•АОАП
•Глутатион
•Супероксиддисмутаза

•Малоновый диальдегид
•Диеновые конъюгаты



Формирование эндотелиальной 
дисфункции при действии хронического 

психосоциального стресса

Эндотели-
альная

дисфунк-
ция

(  NO)

Сосудистое
воспаление

Оксидатив-
ный

стресс

Кортизол
Катехол-
амины

Эндотелин 1

Ангиотен-
зин II



ВЫВОДЫ

1. Стресс может выступать в роли триггера 
известных факторов риска сердечно-
сосудистых заболеваний.
2. Действие хронического психосоциального 
стресса  способствует запуску процессов 
эндотелиальной дисфункции, что может 
являться независимым фактором риска 
сердечно-сосудистых заболеваний.
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