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The present article provides an overview of autonomic dysregulation (AD) processes in children. AD refers to a disruption in the normal
functioning of the autonomic nervous system (ANS), leading to violations of various physiological processes.

The goal of the article was to provide an overview of AD processes in children and discuss contemporary approaches to its assessment
and management.

Materials and methods. The systematic review was prepared in accordance with international recommendations; the work strategy
involved searching several global databases without language restrictions on documents. Study selection criteria for inclusion were diagnostic
criteria for any psychopathological or neurodevelopmental condition reflecting at least one index of ANS functioning, use of any AD
assessment scale, reporting, outcome, and correlation between AD and ANS values.

Discussion. Autonomic dysregulation is a complex phenomenon with a wide range of manifestations and associated with several medical
conditions that can have a significant impact on children’s health, quality of life, and wellbeing. Autonomic dysregulation is a complex
disorder that can have a significant impact on health, development of the affected children and their families. Autonomic dysregulation
is often manifested by recurrent stereotypic symptoms that affect multiple systems including cardiovascular, neuroendocrine, respiratory,
genitourinary, sexual, gastrointestinal, and skin reactions. Recent studies have shed light on the mechanisms of AD, including the role of

genetic factors and environmental influences, as well as the importance of a good ANS balance.

Conclusion. A better understanding of the ANS role in health and disease may lead to new approaches to health maintenance, prevention,
and treatment of diseases in which AD is an important pathogenic component.
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O.T. Bypsk

BETETATUBHA JUCPEL VSIS Y JITEN: CYUYACHUM HNIIXIT 10 JIATHOCTUKH TA JIKYBAHHSA

byrosuncvruil Oepocasnuti meouunuil yrnisepcumem, Yepuisyi, Yxpaina

V crarti nogaHo oA mpoueciB BereTatuBHOI mucperyisnii (BI) y miteit. BJ] o3nauae nmopyiueHHs GyHKLIIOHYBAaHHS BEreTaTUBHOL
HepBoBoi cuctemu (BHC), mo npu3BoauTs 10 mucbanancy pisHUX (i3i010TiTHIX MPOLIECiB.

Mertoto mi€i pobotu Oyao HagaHHS OIIANY CyYacHHX MiAXOoAiB 1o mpouecis B/l y miteid, ix ominku Ta mikyBaHHs. Lleit orsax Oys migro-
TOBJICHUH BiJINOBIHO 10 MDKHAPOAHMX BKA3iBOK Y KiIbKOX II00ANbHUX 0a3ax JaHUX.

BereraruBHa qucperymsmis — e CKIajHe SBUINE 3 MIHPOKUM CHEKTPOM HPOSBIB, OB s3aHe 3 OararbMa 3aXBOPIOBAHHAMH, SKi MOXKYTb
MaTHd 3HaYHMI BIUTMB Ha 3T0POB’ s, AKICTh )KUTTS Ta Onaromonyydds faiteid. B/l BIuiBae Ha ceprieBO-CyANHHY, HEHPOECHIOKPHHHY, pecIipaTop-
Hy Ta iHmi cuctemu. OCTaHHI AOCIIDKEHHS IPOJIMIIH CBITIO HAa MeXaHi3Mu BJ], BKITIOYatouy poiib TeHETHYHHX Ta SKOJIOTYHUX (HaKTOPIB.

BucnoBok. Po3yminns B/I Mojke mpu3BeCcTH /10 MOKPAIIAaHHS 300POB’sl, TPOQITAKTHKY Ta JIIKyBaHHS HU3KA 3aXBOPIOBaHb.

Kuro4osi ci10Ba: BererariBHa HEPBOBA CHCTEMA, BETETAaTHBHA THCPETYIIALIS, BapiabeIbHICTh CEPLIEBOTO PUTMY, [ITH.

Introduction. The autonomic nervous system (ANS)
plays an important role in maintaining homeostasis and
responding to changes in the internal and external environ-
ment. Studies of sympathovagal balance examine differ-
ences in physiological responses under the control of the
sympathetic and parasympathetic part of the nervous sys-
tem [1]. Autonomic dysregulation (AD) (or dysautonomia)
refers to a disruption in the normal functioning of the ANS,
leading to dysregulation of various physiological processes
[2; 3]. It is a complex phenomenon with a wide range of
manifestations and associated with several medical condi-
tions that can have a significant impact on the health and
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wellbeing of children. Children are particularly vulnerable
to AD and its effect on their health and development can be
profound [4].

In recent years, the interest in AD study in children
deepens [5]. Advances in technology have made it possible
to measure ANS activity in a non-invasive and accurate
manner, leading to a better understanding of the mecha-
nisms underlying AD and its clinical implications [6]. AD
is often identified by recurring, stereotypical symptoms
that impact various systems including cardiovascular, neu-
roendocrine, respiratory, genitourinary, sexual, gastrointes-
tinal, as well as skin and pupillary reactions. In the present
article, we examined the contemporary approach to AD in
children, with a focus on its assessment, etiology and man-
agement [7-11].

The assessment of AD in children can be challenging
as it requires the measurement of multiple physiological
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variables that are influenced by the ANS. The most com-
monly used methods for assessing ANS activity in children
are heart rate variability (HRV) and skin conduction mea-
surements [12—15]. AD can have multiple etiology, includ-
ing genetic, environmental, and behavioral factors [16—19].
Environmental factors, such as exposure to stress, trauma,
pollutant or toxins, can also affect ANS activity and lead
to AD. Behavioral factors, such as poor sleep habits, lack
of physical activity and unhealthy diet, could affect ANS
activity too. The management of AD in children depends
on the main cause and the severity of the symptoms. It must
be focused on symptom relief and improving the quality of
life of the child. This can include pharmacological inter-
ventions, non-pharmacological methods, such as biofeed-
back, relaxation techniques, and physical activity [20-22].
Physical activity has been shown to have a positive effect
on ANS function, particularly in children with anxiety dis-
orders. Regular exercises can improve ANS balance and
reduce symptoms [23].

The purpose of the article is to provide an overview
of AD processes in children and discuss contemporary
approaches to its assessment and management. It aims to
raise awareness of the relevant complex phenomenon and
highlight the importance of a multidisciplinary significance
for evaluation and treatment of AD in children.

Materials and methods. The systematic review was
prepared in accordance with international guidelines [24].
The strategy of the work includes the search in several data-
bases: PubMed, Wiley online library, Web of Knowledge/
Science, Medline, Cochrane Reviews, Oxford Medical, and
others until 2024, without language limits of document. The
total search included keywords and terms associated with
measures of ANS functioning, autonomic balance and AD.
Selection criteria for the study included the following data:
empirical studies of children and youth, diagnostic crite-
ria for any psychopathological or neurologic conditions
reporting at least one index of ANS functioning (including
heart rate, respiratory rate etc.), using any scale AD assess-
ing, reporting, as outcome and correlation between AD and
ANS parameters.

Discussion. AD is a complex phenomenon that can
have a significant impact on the health and wellbeing of
children. The assessment of ANS activity in children can
be difficult: during a clinical study attention is mostly paid
to the regulation of vascular tone, cardiovascular reflexes,
skin autonomic reflexes, thermoregulation, autonomic
innervation of the eyes, salivary and tear secretion etc. [3;
15; 25]. The oculocardiac reflex and celiac plexus reflex
normally slow down the pulse by 8—10 beats but in children
emotional reaction could hide the result. Along with this,
instrumental measurements such as HRV and skin conduc-
tance indices can provide valuable information on changes
in ANS function [2].

Most of the studies have shown that AD can have
multiple etiology, including genetic, environmental and
behavioral factors etc. The ANS can control immune cell
activation via both sympathetic adrenergic and parasym-
pathetic cholinergic nerve release of norepinephrine and
acetylcholine. The hypothesis suggests that AD leads to
dysregulation of immune tolerance mechanisms in immune
cells leading to excessive production of pro-inflammatory
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cytokines and inactivation of processes, which takes place
in macrophages and microglia. This switches the mac-
rophage from producing pro-inflammatory cytokines to
anti-inflammatory cytokines. Acetylcholine activation on
the surface of immune cells leads to changes in immune
cell polarization [7; 14]. In acute and chronic respiratory
pathology in children, suppression of the immune response
may be observed with a negative impact on the course of
the disease [9; 26].

AD could appear even in the fetus and the prenatal auto-
nomic nervous system could lead to impaired fetal immune
tolerance mechanisms and a greater vulnerability resulting
in neurodevelopmental abnormalities. For example, a study
of S.S. Shetty et al. (2023) found that prenatal exposure
to environmental toxins, such as lead and mercury, was
associated with reduced autonomic balance in children
[27]. Another data of L.A. Vitulano et al. (2022) show that
children with prenatal pathology could have attention-
deficit/hyperactivity disorder (ADHD) and reduced HRV
compared to typically developing children, suggesting that
ANS dysfunction may play a role in the pathophysiology
of ADHD [28].

Very interesting data were presented by R. Cordani et
al. (2022) analyzing a peculiar complex of neurodevelop-
mental disorder — Rett syndrome (RS), with multi-system
involvement of breathing problems and AD [29]. They
show that AD increases the risk of cardiorespiratory vul-
nerability in this group of patients. Assessment of HRV
indexes provides an overview of autonomic health in RS
and offers insight into how the sympathetic and parasym-
pathetic components of the nervous system function. How-
ever, no study has evaluated HRV in RS patients to assess
how the dynamics of autonomic function vary with age and
changes during the day or night. The authors were using a
monitoring ECG for measurement HRV in 45 patients with
RS and examined the time and frequency domain sympa-
thetic and parasympathetic indices.

Recent research indicates the other potential etiologies
of AD in children. One possible cause is chronic stress,
stressful experience, such as exposure to violence or abuse,
bullying, aggressive behavior among school aged children
which can lead to ANS dysregulation, resulting in a range
of physical and emotional symptoms (L. Cavanagh et al.,
2022) [16]. Chronic stress exposure is increasingly preva-
lent in modern society especially in school-age and could
be a significant risk factor for negative health outcomes
[8]. The imbalance of ANS control leads to dysregula-
tion of physiological responses to stress and contributes to
the cardiometabolic disorders pathogenesis including the
global leading cause of death — cardiovascular diseases.
A.M. Wafi (2023) considers that heart problem and hyper-
tension are associated with central oxidative stress, medi-
ated by the antioxidant enzymes in the central autonomic
neurons that regulate sympathetic outflow and decrease
activity [30]. The chronic stress also positively correlates
with the development of metabolic syndrome in both chil-
dren and adolescents.

Cardiovascular sensory dysfunction has been shown to
contribute to sympathetic excitation. Central changes in the
membrane sensitivity of pre-sympathetic neurons at sev-
eral medullary and hypothalamic sites also contribute to
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elevated sympathetic nerves activity. The enhanced sym-
pathetic outflow has several effects on innervated visceral
organs. Cardiac sympathetic nerves increase myocardial
oxygen demands by releasing norepinephrine, which acts
on myocardial adrenergic receptors [7].

Dysfunction of brain areas of ANS could provoke
clinical manifestations of both epilepsy and migraine
(D. D’Agnano et al., 2024) [19]. Despite their prevalence,
autonomic signs are often misdiagnosed and their treat-
ment is undervalued. The authors describe that autonomic
manifestations are reported during seizures and migraine
attacks according to their manifestation, focusing on the
ANS role and on the parasympathetic outflow that often
induces cranial autonomic symptoms. The ANS assimilates
information from the internal body and the external envi-
ronment, subsequently changing bodily functions to pro-
vide homeostasis maintenance. The ANS comprises corti-
cal structures such as the orbitofrontal cortex, the anterior
cingulate cortex, the insular cortex, along with hypothala-
mus, the amygdala, and various brainstem nuclei some of
which modulate sympathetic output while others oversee
parasympathetic output. Epileptic seizures are character-
ized as a temporary manifestation of signs and/or symp-
toms due to abnormal, excessive, or synchronous neuronal
activity in the brain and often accompanied by autonomic
symptoms of AD. These AD symptoms may either supple-
ment other seizure manifestations or serve as the primary
sign of the seizure. Clinically significant autonomic disor-
ders may accompany all seizure types (generalized, focal,
and/or with unknown onset) across all phases (early ictal,
ictal, and post-ictal). The most prevalent forms of epilepsy
include temporal lobe epilepsy and self-limited epilepsy
with autonomic reactions. However, complex AD is also a
defining characteristic of some developmental and epileptic
encephalopathies and even unexpected death.

T.D. Yeater et al. (2022) indicate that ANS is an impor-
tant regulator of stress responses and exhibits functional
changes in chronic pain states [18]. For example, recent
reviews provide a framework for AD and shifts in neuro-
immune communication to contribute to the pathophysi-
ologic progression of osteoarthritis. Chronic joint pain may
modulate autonomic functions and need non-pharmaco-
logic pain interventions including physical exercise and
psychological interventions.

B. Mueller et al. (2022) analyzing structural and func-
tional relations between the ANS and immunity indicate
that the immune system is connected anatomically and
functionally [31]. These systems coordinate the cen-
tral and peripheral response to perceived and systemic
stress signals. Both the parasympathetic and sympathetic
components rapidly respond to stress signals, while the
hypothalamic-pituitary-adrenal axis and immune system
have delayed but prolonged actions. The human stud-
ies (S. Giunta et al., 2024) have demonstrated consistent
anti-inflammatory effects of parasympathetic activity [32].
In contrast, sympathetic activity has been associated with
both increased and decreased inflammation.

Another possible cause of AD are acute or chronic
inflammatory processes in the body which can affect
ANS function, leading to such symptoms as tachycardia,
hypotension and orthostatic intolerance (L. Monnens,
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2022) [33]. M. Madrid et al. (2020) found that children
with autoinflammatory disorders had significantly lower
HRV compared to healthy controls, indicating dysregula-
tion of the ANS [34].

Genetic factors may also play a role in the development
of AD. L.P. Richer et al. (2023) found that children with
a history of early-childhood onset obesity, febrile seizures
had reduced HRV and increased sympathetic activity com-
pared to healthy controls, suggesting a possible genetic pre-
disposition to AD [27].

It is important to note that AD can also occur as a
comorbidity of other medical and psychiatric conditions,
such as anxiety disorders, depression, and ADHD (S. Doer-
ing et al., 2018) [4]. Management of comorbidities is an
important component of pediatric AD treatment.

The pathogenesis of AD in children involves dysregula-
tion of the ANS, specifically the sympathetic and parasym-
pathetic branches. Dysregulation of the ANS can lead to
a variety of physical and emotional symptoms, including
tachycardia, bradycardia, orthostatic intolerance, and anxi-
ety [30].

Last time researches highlighted the role of neuroin-
flammation in the pathogenesis of AD. Neuroinflamma-
tion, which can result from a variety of factors including
chronic stress and infection, can lead to dysregulation of
the ANS through the activation of pro-inflammatory cyto-
kines and the disruption of neural signaling pathways [31;
32]. In the development of AD a peculiar role is played by
epigenetic modifications. Epigenetic modifications, such as
DNA methylation and histone modification, can alter gene
expression and contribute to the development of chronic
diseases (X. Wang et al., 2022) [35]. This study found out
that children with a history of early life stress had altered
DNA methylation patterns in genes related to ANS func-
tion, providing evidence for a potential epigenetic mecha-
nism underlying AD.

Overall, recent research suggests that the pathogenesis
of AD in children involves a complex interplay between
genetic, environmental, and epigenetic factors. Dysregula-
tion of the ANS, neuroinflammation and epigenetic modi-
fications may all contribute to the development of this
disorder. Further studies are needed to better understand
the underlying mechanisms of AD and to develop targeted
interventions for this condition [35; 36].

Clinical manifestations of AD can vary widely and
may include such symptoms as tachycardia, bradycardia,
dizziness, syncope, gastrointestinal distress, anxiety, and
panic attacks [32; 37; 38]. These symptoms may occur
in response to physical or emotional stress and can have
a significant impact on a child’s quality of life and daily
functioning.

There is currently no widely accepted classification
system for AD in children. However, researchers have pro-
posed various subtypes of AD based on clinical manifesta-
tions and physiological abnormalities. For example, some
researchers have suggested that the subtype of AD known
as postural orthostatic tachycardia syndrome may represent
a form of AD in which symptoms occur primarily upon
standing (A. Attard et al., 2023) [39].

Another proposed subtype of AD is the hyperadren-
ergic form, in which symptoms are related to excessive

69



orijiing JITEPATYPHU

sympathetic nervous system activity (M.C.S. de Oliveira et
al., 2023) [40]. This subtype is often associated with such
conditions as hypermobility spectrum disorder and Ehlers-
Danlos syndrome.

It is worth noting that the clinical manifestations of AD
may overlap with those of other medical and psychiatric
conditions, including anxiety disorders, chronic fatigue
syndrome, and fibromyalgia (H. Leach et al., 2024) [41].
Therefore, a thorough medical evaluation and diagnostic
workup are essential to rule out other potential causes of
symptoms.

The management of AD in children depends on the
underlying cause and the severity of the symptoms and
must improve health, self-esteem, quality of life, self-mon-
itoring and health promotion. Treatment options include
pharmacological interventions directed at ANS, non-phar-
macological interventions such as cognitive-behavioral
therapy (CBT) and lifestyle changes, and addressing under-
lying comorbidities [35; 42].

As for treatment, the recent studies (A. Naseri et al.,
2023) has highlighted the potential of pharmacological
interventions directed at ANS like the anticholinergic
glycopyrrolate improved symptoms and HRV in children
with AD [37]. The study also found that glycopyrrolate
was safe and well-tolerated in children. Pharmacological
interventions, such as beta-blockers or anticholinergics,
can be used to modulate ANS activity. However, these
medications can have side effects and should only
be used under the guidance of a qualified healthcare
provider. For example, S. Wang et al. (2020) found that
treatment with beta-blockers improved HRV and reduced
symptoms in children with postural orthostatic tachycardia
syndrome [38].

Non-pharmacological  interventions, such  as
biofeedback, relaxation techniques, and physical activity,
can be effective in improving ANS function and reducing
symptoms [39]. Psychological interventions, such as
CBT, may also be effective in the management of AD.
J. Apolinario-Hagen et al. (2020) demonstrated that
CBT improved HRV and reduced symptoms in children
with functional abdominal pain and coexisting anxiety
[20]. The study concluded that CBT may be an effective
non-pharmacological intervention for improving ANS
function in children with AD. S. Nagamitsu et al. (2022)
show good results after CBT included changes in scores
for self-esteem, quality of life, self-monitoring, and an
adolescent health promotion scale [38]. A.M. Firth et al.
(2022) found that biofeedback training improved HRV and
reduced symptoms in children with asthma [12]. Another
investigation of V. Malhotra et al. (2015) found that yoga
practice improved HRV and reduced anxiety in children
with autism spectrum disorder [42].

Recent protocols for the management of AD in
children emphasize the importance of a multidisciplinary
approach that includes medical, psychological, and
lifestyle interventions. Non-pharmacological interventions,
such as exercise, relaxation techniques, and biofeedback,
are often recommended as a first-line treatment, with
pharmacological interventions reserved for more severe
cases or when non-pharmacological interventions are
ineffective [43-46].

70

A promising non-pharmacological intervention for AD
is exercise. A systematic review of Xing et al. (2021) found
that exercise training improved ANS function in children
and adolescents with various medical conditions, including
obesity, type 1 diabetes, and asthma [20]. The review
concluded that exercise training should be considered as
a safe and effective non-pharmacological intervention for
improving ANS function in children. Studies of M. Daniela
et al. (2022) show that the positive impact of physical
exercise is well known and has been studied by many
researchers, but its negative impact has been less studied
[23]. Depending on the type, duration and individual
characteristics of the person, doing the intensive exercise
which could be considered a physiological stressor and the
negative impact seems to be connected with the oxidative
stress induced by effort.

One more non-pharmacological intervention for AD
is biofeedback. Biofeedback is a technique that uses
electronic sensors to measure physiological responses
such as HRV and provides feedback to the patients to
help them learn to control these responses [43]. A meta-
analysis of P.M. Lehrer et al. (2020) found that biofeedback
was effective in improving ANS function and reducing
symptoms in children with various medical conditions,
including asthma, anxiety, and chronic pain [13].

In addition to medical and non-pharmacological
interventions, lifestyle interventions, such as dietary
changes and stress management techniques can also
be helpful in improving ANS function and reducing
symptoms of AD. A study of R. Polito et al. (2021)
found that a low-carbohydrate diet improved HRV and
reduced symptoms in children with AD, suggesting that
dietary interventions may be a promising approach for the
management of AD [15].

In summary, the management of AD in children
requires a multidisciplinary approach that includes
medical, psychological, and lifestyle interventions. Non-
pharmacological interventions, such as exercise and
biofeedback should be considered as first-line treatment,
with pharmacological interventions reserved for more severe
cases. Recent research has highlighted the effectiveness of
exercise, biofeedback, and pharmacological interventions
such as beta-blockers for improving ANS function and
reducing symptoms in children with AD.

Conclusion. AD is a complex disorder that can have
a significant impact on the health and quality of life of
affected children and their families. Recent research has
shed light on the underlying mechanisms of AD, including
the role of genetic and environmental factors, as well as the
importance of the autonomic nervous system dysregulation.

While there is no widely accepted classification system
for AD currently, researchers have proposed various
subtypes based on clinical manifestations and physiological
abnormalities. AD treatment is often individual and may
involve a combination of pharmacological and non-
pharmacological interventions.

There are several prospects for further research
on AD in children. One important area of the study is
the development of more targeted and effective treatment
methods for this condition. Current treatment methods are
often limited in their efficacy, and further research is needed
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to identify more specific interventions that can overcome
the basic mechanisms of AD.

Another area for future research is the identification of
biomarkers that can aid in the diagnosis and classification
of AD. Biomarkers may include genetic markers,
neuroimaging techniques, or physiological measures, and
their identification may facilitate earlier diagnosis and
more accurate subtype classification.

Besides, further research is required to better
understand the relationship between AD and other medical
and psychiatric conditions, such as anxiety disorders,
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chronic fatigue syndrome, and fibromyalgia. This may
lead to improved diagnostic criteria and more effective
treatment approaches for children with overlapping
symptoms.

Finally, longitudinal studies are crucial to better
understand the natural history of AD in children and to
identify factors that may contribute to the persistence or
remission of symptoms over time. Such research can help
in the development of early intervention strategies and
prevention programs.

The author declares no conflicts of interest.
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