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Abstract:

Introduction: Regular yoga practice positively affects physical and mental health, including
stress reduction, emotional regulation, and cognitive enhancement. Recent research highlights
yoga's potential to strengthen the nervous system's adaptability, promoting well-being and
managing stress and anxiety.

Aim of the study: This review aimed to demonstrate yoga's influence on nervous system
adaptability and provide an overview of how yoga practices enhance neuroadaptation,
highlighting benefits in improving neural resilience and adaptive capacities.

Materials and methods: This paper analyzes current knowledge on the neurological
consequences of excessive body weight. The review focused on clinical studies from 2018 to
2024, including review papers and meta-analyses. Literature was reviewed from PubMed and
Google Scholar using keywords: “yoga,” “nervous system,
“sleep problems,” “Alzheimer's disease,” “Parkinson's disease,
regulation.”
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Discussion: Yoga significantly impacts the nervous system's adaptive capacity, improving
mental and physical health. Regular practice enhances neuronal plasticity, aiding stress
management and cognitive functions. Yoga breathing techniques reduce cortisol levels and
increase certain neurotransmitters, regulating mood and autonomic nervous system function.
The study did not explore different types of yoga on specific disorders, indicating a need for
further research.

Conclusions: This paper underscores yoga's role in enhancing the nervous system's adaptive
capacity. Yoga shows promise in improving neural resilience and adaptive capacities, making
it a valuable holistic healthcare approach. Understanding these benefits can guide healthcare
professionals in integrating yoga into strategies to improve patient well-being, emphasizing its
role in fostering physical and mental resilience.

Keywords: nervous system, stress, anxiety, depression, sleep problems, Alzheimer's disease,
Parkinson's disease, epilepsy, emotion regulation.

Introduction

Traditional forms of yoga include physical postures and exercises, breath regulation, relaxation,
and the practice of meditation and mindfulness [8]. Regular yoga practice has long been known
for its beneficial effects on physical and mental health. One area that is garnering increasing
interest in the context of yoga is its potential impact on the adaptive capacity of the nervous
system. The nervous system plays a key role in the body's adaptation to changing environmental
conditions and in maintaining homeostasis. This review paper analyzes available scientific
studies on the effects of regular yoga on the adaptive capacity of the nervous system. Yoga,
through various mechanisms, can significantly improve mental and physical health by reducing
stress, improving emotional regulation, reducing symptoms of depression and anxiety, and
enhancing sleep quality and cognitive functions.



In recent years, the popularity of yoga has increased not only as a recreational exercise but also
as a means to reduce stress and anxiety, enhance physical fitness, and improve mood and overall
well-being [18].

Stress

Stress is defined as "a state of mental or emotional strain resulting from adverse or demanding
circumstances.” It can negatively affect both physical and mental health, contributing to the
development of many diseases [2]. Chronic stress is particularly harmful, as it is associated with
many detrimental changes in the functioning of the body, both physically and mentally, making
it a serious public health issue.

Numerous studies indicate the positive impact of yoga in reducing overall stress levels among
participants of various ages. The effect of an hour-long yoga practice combined with 30 minutes
of meditation once a week was studied among students aged 19-23. During the six-week study
period, anxiety and stress levels significantly decreased [2]. Similar results were observed in
another group of individuals aged 18 to 40 [4]. Another group exposed to high levels of stress
and a high risk of professional burnout are healthcare workers. During six-week yoga sessions,
stress levels, burnout, vitality, sleep quality, and attention were measured among them. An
additional objective parameter measured during the study was the level of cortisol in saliva.
Statistically significant improvements were observed in perceived stress, professional burnout,
vitality, sleep quality, calmness, and mindfulness compared to the control group. However, no
significant changes were found in cortisol levels and blood pressure, which was explained by
the normal baseline values of these parameters [17].

Psychological stress activates the sympathetic nervous system, which is responsible for the
body's "fight or flight" response to stimuli [3]. Yoga can beneficially affect stress levels through
several mechanisms. One such mechanism is the impact of controlled breathing on the
functioning of the central nervous system (CNS) and the subsequent reduction in sympathetic
nervous system tension [7].

In one study, the effects of different breath control techniques, varying in the ratio of inhalations
to exhalations, were evaluated in terms of well-being and physiological parameters. The
breathing exercises were also compared with mindfulness meditation, which is based on
observing natural breath without actively controlling it. Three controlled breathing techniques
were compared: (1) cyclic sighing with an emphasis on prolonged exhalations; (2) breathing
with equal durations of inhalation, pause, and exhalation; and (3) cyclic hyperventilation with
a pause, longer inhalations, and shorter exhalations. Participants noted a significant reduction
in anxiety and negative affect after the exercises compared to their state before the exercises.
Among the breathing techniques studied, the most effective was cyclic breathing with an
emphasis on prolonged exhalations. Additionally, it was shown that cyclic breathing most
significantly contributed to a decrease in breathing rate, which may indirectly indicate a
reduction in sympathetic tension in the study group [7].

This beneficial effect of breathing exercises on mood improvement can be explained by
increased vagus nerve activity during slow exhalation [32, 7]. Furthermore, breathing can
influence interoceptive processes, which are the conscious perception of internal processes,
affecting self-regulation, emotions, and awareness [7]. Additionally, increased flow of oxygen-
rich blood can lead to a cascade of neuron activation in the limbic areas of the brain [32].



There is also a possibility that controlled breathing affects higher brain structures associated
with the feeling of calmness [7]. Similar conclusions were drawn from another clinical study,
where regular practice of slow breathing for 12 weeks (regardless of the ratio of inhalation to
exhalation duration) contributed to a reduction in perceived stress, assessed using the computer-
adaptive test PROMIS Anxiety (CAT). However, no reduction in physiological stress,
measured by heart rate variability, was noted [33].

Chronic stress also leads to the release of pro-inflammatory cytokines such as interleukin 6 (IL-
6), interleukin 1p (IL-1p), and tumor necrosis factor a. (TNF-a). These immunological markers,
along with brain-derived neurotrophic factor (BDNF) and excessively activated glial cells, can
serve as biomarkers of stress [3]. Pro-inflammatory cytokines and C-reactive protein (CRP)
significantly influence the pathomechanism of stress. There is increasing scientific evidence
regarding the influence of yoga practice on modulating levels of inflammatory markers and
stress hormones such as cortisol [10].

A randomized study in 2019 demonstrated a decrease in IL-6 levels in individuals practicing
yoga compared to non-practicing individuals among those suffering from depression [5].
Furthermore, during a 48-week randomized controlled trial among breast cancer patients
practicing yoga, significant reductions in IL-1p and IL-10 levels were noted [42]. Another
analyzed study observed reductions in cortisol levels, systolic blood pressure, and resting heart
rate in the yoga-practicing group [1]. In young adults, a 10-week yoga program resulted in
reduced stress and positive changes in heart rate variability (HRV), suggesting greater
involvement of the parasympathetic nervous system [15]. In elementary school children, there
was a trend towards increased parasympathetic activity with yoga practice, although it did not
significantly surpass the control group [14]. Thus, regular yoga practice may lead to a
significant reduction in subjective and physiological measures of stress, although further
research is needed in the latter aspect.

Emotion Regulation

Yoga can also be an effective method for enhancing emotion regulation abilities, which is
crucial for psychological adaptation in stressful situations. Appropriate emotion self-regulation
significantly impacts learning and relationship-building in childhood, and at the preschool
stage, it is likely much more important than substantive knowledge [11]. One study aimed to
examine the impact of an eight-week yoga practice on self-regulation and emotion regulation
in children aged 4-6 years. After the intervention, no changes were observed in metacognitive
processes such as attention focus; however, differences were noted in emotion assessment
scales (subdued emotional discharge and coping in response to problems and emotions). It is
possible that mindfulness of bodily sensations present during yoga practice helped the children
better regulate their emotions [11]. Another clinical study showed that yoga has a significant
positive impact on externalizing behaviors (behavioral problems, hyperactivity) and
internalizing behaviors (emotional problems, peer problems) [12].

Adolescence is another challenging period for young people, where emotional instability
significantly complicates life, affecting both self-acceptance and peer relationships, potentially
contributing to various psychosocial problems. Teenagers who practice yoga can regulate their
emotions much more effectively.



This is confirmed by a study in which the introduction of yoga practice led to a significant
increase in self-esteem, better emotional regulation, and an enhancement of positive feelings
among teenagers [9].

In the adult population, yoga practice also seems to have a positive impact on emotion
regulation. Research has shown that yoga practice influences the activity of brain areas critical
for emotion control. MRI studies of individuals practicing yoga have shown lower prefrontal
cortex activity and greater activation of the supramarginal gyrus. These individuals also
exhibited a slightly lower response to potentially stressful emotional situations compared to
those who engage in other recreational sports [13].

Depressive and anxiety disorders

In 2019, there was a significant increase in the prevalence of depressive and anxiety disorders,
exceeding 970 million cases worldwide [25]. These disorders are prevalent among both adults
and children and adolescents. Globally, over 13% of teenagers struggle with various mental
disorders, with depressive and anxiety disorders being the most frequently diagnosed,
constituting approximately 40% of all mental health cases [23]. Additionally, the impact of the
COVID-19 pandemic has exacerbated this issue. It is estimated that the pandemic has led to
53.2 million new cases of major depressive disorders, marking a 27.6% increase. Furthermore,
an additional 76.2 million cases of anxiety disorders were observed during this period [24].
Regardless of age group, depressive disorders rank highest among mental health issues, except
for the 0—14 age group where behavioral disorders predominate [25].

Given the significant public health concern posed by depressive disorders, it is worthwhile to
examine studies analyzing the impact of yoga practice on this aspect of health. In a pilot study,
the effects of a 6-week yoga and meditation practice on stress perception, anxiety levels, and
mindfulness among students were evaluated. The study demonstrated reductions in anxiety and
stress levels among participants, along with significant improvement in mindfulness skills [2].
In women in the early stages of breast cancer, introduced exercises significantly alleviated
anxiety and depressive symptoms, and improved quality of life [16]. Significant mood
improvement was also noted in a study involving 160 elderly patients. The impact of yoga
practice on the lives of elderly individuals who experienced mental disorders during the
COVID-19 pandemic was assessed. The study group showed a significant reduction in
depressive symptoms and anxiety compared to the control group, where these symptoms
worsened [22]. Similar benefits of yoga were demonstrated in the population of patients with
primary anxiety disorders. However, yoga was not found to have an equivalent effect compared
to cognitive-behavioral therapy. Therefore, while yoga can be helpful, it should not be
considered as the sole or most effective method for managing anxiety [8].

One of the mechanisms responsible for the beneficial impact of yoga on depressive and anxiety
symptoms involves the regulation of hormone and neurotransmitter secretion. A group of
participants in a winter expedition to Antarctica who practiced yoga for 10 months was studied.
It was found that the serotonin level in the serum of yoga practitioners increased, whereas it
remained stable in the control group. Additionally, cortisol levels decreased by 19.9% in the
yoga practicing group, compared to a 2.8% increase in the control group [26].

Yoga practice also influences the level of y-aminobutyric acid (GABA), the main inhibitory
neurotransmitter responsible for regulating cortical excitability and neural plasticity.



Increasing GABA system activity is one mechanism for improving mood in patients with
depression. An increase in this neurotransmitter was observed after approximately 4 days of
daily yoga practice, and its concentration remained stable after 8 days [19].

Another mechanism through which yoga may alleviate depressive symptoms is by reducing the
level of IL-6. This is evidenced by a study where participation in a 12-week yoga exercise
program led to a decrease in the level of this interleukin and a reduction in depression levels
among participants [5].

Sleep Quality

Sleep problems are among the most common medical complaints reported by patients. Regular
yoga practice can lead to improved sleep quality, which is crucial for the body's regeneration
and adaptation to changing conditions. According to statistics, one in four people sleeps less
than the optimal recommended time for their age. Among teenagers, over half sleep less than
the optimal 8-10 hours [29]. In seniors, nearly one in five suffers from insomnia [28]. The most
common sleep-related issues reported by adult patients are sleep quality problems and insomnia
[29].

A meta-analysis of 19 randomized controlled trials involving a total of 1832 women diagnosed
with sleep disorders practicing various forms of yoga showed significant improvement in sleep
quality compared to control groups without any physical activity. The main evaluated indicators
were sleep quality and severity of insomnia, measured using both subjective methods such as
participant-filled scales and objective techniques including polysomnography, actigraphy, and
intervention safety assessment [6].

A six-week yoga intervention among healthcare workers resulted in statistically significant
improvement in sleep quality, as well as reduction in perceived stress, burnout, and increased
vitality, calmness, and mindfulness compared to the control group [17].

Further randomized controlled trials conducted among postmenopausal women and those in the
perimenopausal period showed that a 20-week yoga practice significantly improved the sleep
quality of the participants [20]. Individuals participating in yoga classes showed improvement
in overall sleep quality, subjective sleep assessment, reduction in nocturnal awakenings,
decreased daytime dysfunction, and increased sleep efficiency. Additionally, a reduction in
stress levels, improvement in cognitive function, and quality of life were observed, possibly
due to one of yoga's mechanisms of action: regulation of sympathetic nervous system activity
during sleep [21].

In another study, the impact of yoga was assessed not only on nighttime sleep quality but also
on daytime sleepiness. This effect is likely due to the activation of the vagus nerve during yoga
exercises, contributing to the reduction of excessive sympathetic system arousal and regulation
of cholinergic and GABAergic system activity [27].

In the population aged over 65 years, after 2 months of yoga exercises, participants in the
intervention group significantly increased their Pittsburgh Sleep Quality Index (PSQI) scores,
indicating better sleep quality compared to the control group in this age group [22].



Alzheimer’s Disease

Regular yoga practice may be a promising form of prevention for cognitive disorders in
Alzheimer's disease [7, 30]. Aging leads to gradual decline in cognitive functions, manifested
by issues such as memory problems, attention deficits, and speech fluency difficulties. Yoga
can positively impact verbal fluency among older adults [44]. Improvement in cognitive
functions resulting from yoga practice can be achieved through previously mentioned
mechanisms, such as its influence on neurotransmitters and pro-inflammatory factors. Elevated
cortisol levels and increasing IL-6 levels with age are associated with the risk of faster cognitive
decline and contribute to the development of Alzheimer's disease (AD) [10]. Studies have
shown a link between levels of inflammatory markers, specifically IL-6 in blood, and future
cognitive decline. Individuals with high IL-6 levels were nearly one and a half times more likely
to experience global cognitive decline compared to those with low levels. This can be explained
by the increased susceptibility of the nervous system to peripheral inflammatory cytokines with
age, due to progressive permeability of the blood-brain barrier. This is particularly noticeable
in areas responsible for learning and memory, such as the hippocampus [31]. However, it has
been demonstrated that regular yoga practices can lower IL-6 levels, thereby potentially
slowing down these processes [5]. Yoga, however, is not an ideal preventive method for
memory disorders, as evidenced by a study comparing the impact of yoga with memory-
enhancing training in older women at risk for Alzheimer's disease. Analysis of magnetic
resonance imaging (MRI) images led to the conclusion that yoga combined with meditation
may improve connectivity between stress-affected hippocampal regions and positively
influence connectivity of the anterior-posterior subregion of the hippocampus to a greater extent
than memory training, which could have a positive impact on memory. However, according to
researchers, memory training may demonstrate superiority over yoga in terms of hippocampal
sensory integration, including the use of verbal, visual, and spatial association technigues.
Despite the small sample size, it seems likely that yoga is particularly useful for patients at risk
for Alzheimer's disease experiencing high levels of stress [30]. This is supported by another
study demonstrating that yoga training may provide neuroprotective effects compared to
memory-enhancing training, preventing neurodegenerative changes and cognitive decline [35].

Epilepsy

Another group in which researchers evaluated the impact of yoga on disease progression was
children aged 8-12 suffering from epilepsy. According to interview data at the beginning of the
study, epileptic seizures occurred in the control group in three children in the last 3 months,
whereas in the yoga group, it occurred in four children. Analysis of results after 3 and 6 months
showed that in the yoga group, no child experienced seizures. In contrast, in the control group,
four children had seizures after 3 months and three children after 6 months. Moreover, EEG
recordings normalized in a significant number of children practicing yoga. Based on a literature
review, it was suggested that these effects may be due to yoga's influence on brain wave activity
and stimulation of the vagus nerve, which reduces seizure frequency [34].

A randomized controlled trial involving 160 adults diagnosed with epilepsy showed
significantly higher odds of >50% reduction in seizures and complete seizure remission under
the influence of yoga [41].



However, an audit based on literature data from 15 studies up to 2020 found a lack of strong
clinical evidence confirming the efficacy of yoga as demonstrated in interventional studies,
indicating a need for further research in this direction [36].

Parkinson’s disease

Another group that may benefit from yoga practice includes individuals suffering from
Parkinson's disease, characterized by significant impairment of motor functions such as balance
difficulties, gait irregularities, and cognitive decline in later stages of the disease [38]. In one
study involving patients aged 40-90 years with Parkinson's disease, an innovative yoga
intervention using a special program called YoMed, which combines physical and cognitive
mechanisms such as motor imagery (MI) and action observation (AO), was compared with
proprioceptive training. Parameters assessed included joint position sense and kinesthesia,
balance, fall risk, dynamic posturography, and functional mobility. The yoga program showed
significantly greater improvements in balance and joint kinesthesia compared to proprioceptive
training, as well as improved functional mobility outcomes [39].

The evaluation of yoga's impact on Parkinson's disease progression was also the subject of a
meta-analysis conducted by analyzing studies published up to August 2020 in PubMed,
Embase, and Cochrane Library databases. Researchers focused on assessing motor symptoms
such as balance and functional mobility, as well as anxiety, depression, and quality of life,
which are often associated with Parkinson's disease patients. The meta-analysis of ten studies
involving 359 participants demonstrated significant differences between the yoga training
group, where patients showed better outcomes in all aforementioned criteria compared to the
control group. Thus, yoga was shown to have a positive impact on slowing the progression of
Parkinson's disease, alleviating symptoms, and improving patients' quality of life. This could
be attributed to yoga's stretching exercises that improve limb and joint flexibility, increase
muscle strength, and reduce motor slowness and stiffness [40].

Another study involving Parkinson's disease patients showed that a 12-week yoga practice
improved balance and reduced low back pain-related disability. Furthermore, participants in the
yoga group demonstrated improved gait stability and a more upright posture. Patients were able
to respond more quickly to external stimuli and improved sensory orientation. Additionally, the
benefits were significant enough that over three-quarters of the participants intended to continue
yoga practice after the study concluded [43].

Summary

Yoga has been proven to have a positive impact on reducing stress, which is crucial in today's
fast-paced life. Regular yoga practice can also alleviate symptoms of anxiety and depression,
aiding in maintaining mental health. Increasingly, studies indicate that yoga supports combating
neurodegenerative diseases such as Alzheimer's and Parkinson's. Making yoga accessible in
schools, workplaces, and health centers could significantly enhance the quality of life across all
age groups. Therefore, promoting yoga as an effective and natural method for emotional and
mental health care is worthwhile. However, further research, including placebo-controlled trials
and long-term studies, is necessary to better understand the mechanisms of yoga and identify
optimal training protocols for achieving maximum health benefits.
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