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This review article examines the impact of
environmental stress on the development of the nervous
system from the perspective of modern interdisciplinary
research. Key mechanisms of stress-induced effects on
neurodevelopment are analyzed, as well as critical
periods of ontogenesis characterized by increased
vulnerability of the nervous system. Particular attention
is paid to the role of socioeconomic status as a factor in
cumulative stress load and the family environment as a
risk modifier that can both amplify and mitigate the
adverse effects of environmental exposures. It is shown
that considering the interaction of biological, social, and
family determinants is fundamental for assessing the risk
of neurodevelopmental disorders and developing

preventive strategies.
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IKos102uveckull
Helipopazsumue,
COYUOIKOHOMUYECKUT
cmamyc, cemeliHass cpedaq,
¢akmopwl pucka.

cmpecc,
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B 0630pHOll cmambe paccmampueaemcsi 6AuUsIHUE
JKo./102U4ecKko20 cmpecca Ha pazgumue HepeHOll
cucmembl c no3uyuti COBPEMEHHDBIX
MeHOUCYUNAUHAPHBIX uccs1e008aHull.
[IpoaHaausuposaHsvl K/aw4vegble MEXAHU3MblI cmpecc-
uHAdyyuposaHHoz2o 803delicmausi Ha Helipopazsumue, a
makixce  Kpumuveckue  nepuodbl  OHMO2eHe3q,
xapakmepusyrnwuecsi NOBbIWEHHOU  YS136UMOCMbHO
HepgeHoll cucmembl. Ocob6oe 8HUMaHUe y0eneHo poau
COYUOIKOHOMUYECKO20 cmamyca Kak ddakmopa
KYMY/ASIMUBHOU Ccmpeccogoll Hazpy3Ku U cemelHoll
cpedbl Kak Modugukamopa pucka, cnocobHO020 Kak
ycuaueams, mak u cmsi24amb Heb6/1a20npusimHvle
agpdexkmul skonozcuveckux eosdeticmeull. IlokasaHo,
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umo  yyem  g3aumodelicmeusi  6U0/102UYECKUX,
COYUA/IbHbLIX U CeMelHblx JdemepMUuHaHm umeem
NpUHYUNua/bHoe 3HaYeHue 0451 OYEHKU pucka
HapyweHutl Helipopazsumus u paspabomku
npogusakmuveckux cmpamezutl.

Introduction. Environmental stress is considered a significant risk factor for
neurodevelopmental disorders, particularly during periods of high sensitivity in early
ontogenesis. Current research shows that chronic exposure to adverse environmental
factors is associated with changes in cognitive, emotional, and behavioral development,
leading to long-term health consequences [1,2]. The severity and direction of the impact
of environmental stress are largely determined by the social context of a child's
development. Low socioeconomic status and unfavorable living conditions increase the
cumulative stress load, while a supportive family environment can partially offset the
negative impact of environmental factors [3,4]. In this regard, family and social conditions
are considered key modifiers of the risk of neurodevelopmental disorders.

Despite a significant number of studies, data on the interactions between
environmental stress, family environment, and socioeconomic status remain scattered
and require systematization. The aim of this review article is to analyze the influence of
environmental stress on the development of the nervous system, with an emphasis on the
role of the family environment and socioeconomic status. Exposures and critical periods
of neurodevelopment. The impact of environmental and psychosocial stress is cumulative
and is most significant during periods of heightened sensitivity of the developing nervous
system. Environmental stressors, including unfavorable living conditions and
anthropogenic loads, create persistent strain on adaptive mechanisms, influencing
psychoneurological status and quality of life [12]. The prenatal period is the first critical
stage during which stressful influences from the external and social environment can
program the functional reactivity of the nervous system. Early stress is associated with
long-term changes in neuroendocrine regulation and increased vulnerability to adverse
factors in subsequent periods of development, as supported by experimental and clinical
data [9,11,14].

The next "window of vulnerability" occurs in early childhood and is associated with
the high plasticity of the nervous system. An unfavorable socioeconomic context and a
lack of a supportive family environment are associated with characteristics of the
development of cognitive and emotional functions, as well as with changes in the neural
correlates of brain development [15,7,1]. Adolescence is characterized by a repeated
increase in sensitivity to stressful influences against the background of neurobiological
restructuring and the formation of self-regulation mechanisms. Chronic technogenic and
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social stress at this age is accompanied by a decrease in adaptive resources and an
increase in psychoemotional stress, which is reflected in domestic and international
studies [3,5,8]. The prenatal stage, early childhood, and adolescence represent key
windows of vulnerability, during which the cumulative impact of environmental stress
can have the most pronounced impact on the development of the nervous system.

Environmental Stress and the Development of the Nervous System. The impact of
environmental and psychosocial stress on the nervous system is realized through the
activation of stress-mediating and immune mechanisms, leading to persistent changes in
neuroendocrine regulation. Chronic stress is accompanied by strain on adaptive systems
and a decrease in stress resistance, which increases the vulnerability of the central
nervous system, especially during periods of active development [2]. A key link in the
stress response is the hypothalamic-pituitary-adrenal axis, the prolonged activation of
which leads to an imbalance of stress hormones and impaired neural plasticity. Coffman
etal. (2022) demonstrated that early stress can program the reactivity of the nervous and
immune systems, creating persistent changes in regulatory mechanisms [14].
Inflammatory reactions are considered a mediator of the damaging effects of chronic
stress on nervous tissue.

The long-term nature of stress-induced changes is largely due to epigenetic
mechanisms. Ortega et al. (2021) emphasize that early life stress is associated with
changes in the expression of genes involved in the regulation of stress response and
neural development [16].

The functional consequences of these mechanisms are manifested primarily in the
area of cognitive and emotional development. According to Olson et al. (2021), adverse
socioeconomic conditions are associated with features of the formation of neural
networks involved in the regulation of emotions and executive functions [10, 13, 15]. Tian
et al. (2021) showed that stress hormonal responses mediate the impact of social
adversity on the development of amygdala-prefrontal connections in children [17]. The
main mechanisms of environmental stress and their functional effects are summarized in

Table 1.
1. Key mechanisms of the influence of environmental stress on the nervous
system
Mechanism Main link Functional consequences
Stress system HPA axis Impaired self-regulation
Inflammation Immune activation Increased vulnerability of the central
nervous system
Neuroendocrine effects Hormonal imbalance Decreased neuroplasticity
Epigenetic changes Regulation of gene Long-term effects
expression
Neural networks Functional reorganization Cognitive and emotional
impairment

Family and Socioeconomic Status as Risk Modifiers of Neurodevelopmental
Disorders. Family socioeconomic status is a significant background factor determining
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the cumulative stress load on the developing nervous system. Low material and
educational resources are associated with chronic exposure to unfavorable
environmental conditions and a decrease in the adaptive potential of children and
adolescents, as demonstrated in the studies of Zeveleva and Kokunov (2024), as well as
in the systematic review by Olson et al. (2021) [1,15]. The cumulative impact of an
unfavorable socioeconomic context is realized through increased stress reactivity and
impaired mechanisms for regulating emotions and behavior. Tian et al. (2021)
demonstrated that socioeconomic disadvantage mediates its impact on
neurodevelopment through stress hormonal reactions and changes in functional neural
connections [17]. Similar provisions are reflected in Russian studies considering social
conditions as a factor enhancing the impact of environmental stress [12].

Family environment, unlike socioeconomic status, performs a modifying function
and can act as both a risk and a protective factor. An unstable emotional climate and
maladaptive parenting styles are associated with impaired development of self-regulation
mechanisms and emotional resilience in children, as demonstrated by Menshikova et al.
[7]. At the same time, a supportive and predictable family environment helps reduce
chronic stress and increase adaptive resources, even in the presence of an unfavorable
socioeconomic background [2,6]. Socioeconomic status shapes the level of baseline stress,
while family environment determines the individual's sensitivity to environmental stress
and the trajectory of neurodevelopment.

Conclusion. The impact of environmental stress on the development of the nervous
system is cumulative and is most significant during critical periods of neurodevelopment.
Socioeconomic status determines the level of background stress, while family
environment is a key factor modifying the risk of adverse neurodevelopmental outcomes.
Taking into account the interaction of environmental, family and social factors is a
prerequisite for an objective risk assessment and the development of preventive
measures.
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