ISSN: 3048-9423(Online)

B Naveen International Journal of Multidisciplinary Sciences (NIJMS)
: © NIIMS | Vol. 2 | Issue 6 | Jun-Jul 2026
Available online at: https://nijms.com/

DOI: https://doi.org/10.71126/nijms.v2i6.143

Yoga as a Tool for Managing Smartphone Addiction: A
Narrative Review of Dopaminergic Reward Circuitry and

Emerging Neurobiological Evidence
Sanjeet Kumar Mishra?, Nitin Khanna? and Ghanshyam Singh Thakur®*

142 Research Scholar, Department of Naturopathy and Yoga, H.N.B. Garhwal University, Srinagar, Garhwal,
India.

3 Assistant Professor, Department of Naturopathy and Yoga, H.N.B. Garhwal University, Srinagar, Garhwal,
India,

“3Corresponding Author Email: ghanshyam.thakur20@gmail.com

1Author Email: sanjeetkumar7747@gmail.com

2Author Email: nitinkhanna72727@gmail.com

ABSTRACT:

The emergence and evolution of technology are making human life easier.
Smartphones have become a key driver of life, enabling connections to the world from
anywhere, whether it is online shopping, social media networks, entertainment, online
payments, or chat, etc. This has raised dependency on smartphones in the recent decade.
This dependency on and use of smartphones has now become problematic and has emerged
as a significant public health concern, a prevalent behavioral addiction of the digital age,
predominantly among university students. It is causing deterioration in cognitive
Impairments, social relationships, academic performance, emotional and overall well-
being. Despite positive results, there is a lack of comprehensive data to fully understand
the core concepts of smartphone addiction and the effect of yoga on it. This review study
summarizes research findings from numerous studies, how well Yoga helps to encourage
healthier and mindful smartphone use behavior, improve mental health outcomes, and the
core concept of SA. A search was conducted across databases, including PubMed, Scopus,
PsycINFO, Google Scholar Labs and SAGE journals. This review includes original
articles focusing on pre-post intervention, RCTs, quasi-experimental and evidence-based
studies. Yoga has been shown to have a significant improvement in overcoming addictive

behavior and breaking the loop of reward systems pleasuring mechanism through its
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practices like meditation, pranayama, pratyahara, aasana, etc. These practices elevate

self-regulation, emotional regulation, mindful use, and detachment. Thus, Yoga can help

as an all-around digital detoxification tool.
Keywords: Yoga, Neurobiology of addiction, BDNF, Reward circuit, Smartphone Addiction, Problematic
Smartphone use, Neuroscience of Yoga.

1. INTRODUCTION:

In the last decade, India has seen tremendous growth in digital connectivity with mobile communication
and Internet services becoming commonplace. The penetration of digital infrastructure is widespread
across the country, with the Telecom Regulatory Authority of India (TRAI) reporting that the country has
1.266 billion wireless subscribers. The wireless tele-density in India increased from 88.41% at the end of
December 2025 to 88.87% at the end of January 2026. In India, approximately 85.5 percent of households
possessed at least one smartphone (TRAI, 2026). The Ministry of Statistics and Programme
Implementation (MoSPI) released the findings of the Comprehensive Modular Survey: Telecom, 2025,
offering insights into the penetration of smartphones in the country. Nearly all mobile phone owners
(95.5% in rural areas and 97.6% in urban areas) had smartphones, showing high level of smartphone
ownership among mobile phone owners aged 15-29 years (PIB, Delhi, 2025) . Together, these official
indicators reflect the dynamic nature of India‘s digital landscape and highlight the growing opportunities
for smartphone applications in healthcare, education, communication, and other areas, but also the rise in
the use of mobile phones and their associated problems, such as problematic smartphone use and
smartphone addiction, especially among adolescents and young adults. Smartphone addiction can be
defined as a behavioural addiction characterised by excessive or compulsive use of smartphones that leads
to preoccupation, loss of control, and significant interference with daily functioning. This is illustrated by
intrusive thoughts and social repercussions, which combine to make it more widespread in the young adult
population, specifically college students (Billieux, 2012; Panova & Carbonell, 2018; Thapliyal et al.,
2025). It manifests in a variety of withdrawal behaviours, suboptimal academic performance, poor sleep
quality, and interpersonal relationships with a wide-ranging negative impact on physical, psychological
and social functioning, including decision making, and brain function (Ministry of Finance, India, 2026;
Zeerak et al., 2024)

Empirical research shows that smartphone addiction is associated with significant health problems, such
as fatigue, cognitive dysfunction, hand and eye strain, etc., particularly in university users who use their
smartphones heavily for academic and social purposes. The link to negative emotional states, such as
anxiety and depression, further highlights its behavioural role in influencing the negative mental health
implications and decreasing life satisfaction among those suffering from smartphone addiction, creating
a negative cycle that affects overall well-being (Demirci et al., 2015; Liu et al.,, 2022). Certain

psychosocial factors, such as interpersonal sensitivity, fear of missing out (FOMO), loneliness and low
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increasing the likelihood of developing smartphone addiction (Xie & Li, 2025).

In terms of behaviour, the addictions of the smartphone are similar to pathological gambling and internet
addiction, in which compulsive interactions are fueled by reinforcement processes and emotional control
problems. It can lead to poor educational performance and social dysfunction, which shows how wide-
reaching its effects are over and above just the overuse of technology (Zeerak et al., 2024). Both
longitudinal and cross-sectional studies have consistently shown psychiatric comorbidities and
physiological symptoms, demonstrating the wide range of behavioural implications of smartphone
addiction (Ratan et al., 2021).

Both physical intervention and psychological intervention are emerging as promising approaches to
reducing smartphone addiction and the mental health issues it causes, which involves reducing the stress
experienced with the use of the device. Prevention strategies in education require programming that
focuses on the prevention of specified risk factors, such as interpersonal sensitivity and lack of social
support(Liu et al., 2022; Zhu et al., 2025).

Addiction, whether behavioural or chemical, is prominently a neurobiological phenomenon that includes
the mesolimbic dopamine system. This dopaminergic pathway controls emotional and motivational
behaviour and involves brain regions such as the ventral tegmental area (VTA), nucleus accumbens
(NACc), prefrontal cortex (PFC), and other limbic structures. Changes in dopamine(DA) signalling in these
circuits are believed to play a key role in the development, persistence and relapse of addictive behaviours
(Hyman, 2005).

The dopamine D2 receptor (D2R) is a key component in the modulation of reward-related behaviour.
Human imaging and genetic research indicate that addicts, whether to drugs or to some compulsive
behaviours like overeating or gambling, have either a lesser expression of the D2R or a decrease in the
function of the receptor in important brain regions such as the striatum and NAc. This hypodopaminergic
state leads to reward deficiency syndrome (RDS), a low sensitivity to natural rewards and a compensatory
over-seeking of rewards (Baik, 2013; Blum et al., 1996).

In addition, dopaminergic signalling is intensely associated with conditioned responses, which induce
cravings and collapse. Addicted individuals exhibit blunt DA release in response to the drug, but show
amplified DA responses to drug-associated signals, maintaining compulsive drug-seeking behaviours
despite reduced hedonic effects (Volkow et al., 2011). Recent research expands the approach of reward
circuitry to include crosstalk between multiple neurotransmitter systems (Nestler, 2005). Emerging
interventions aimed at restoring dopaminergic homeostasis include pro-dopaminergic agents (Febo et al.,
2017). Accurate addiction management strategies emphasise genetic screening and long-term dopamine
stabilisation (Blum et al., 2018).

Yoga is increasingly being seen as an effective modulator of the neurophysiology associated with

addiction owing to its diverse effects on the brain and bodily regulatory systems. Yoga is based on the
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meditation techniques. This practice leads to influences on various pathways of the brain and body,
including the psychoneuroendocrine, autonomic and immune systems, which are all important in the
development of addiction. A number of neurophysiological theories explain the ability of yoga to restore
the disrupted homeostasis due to addiction. Yoga has been found to help reduce stress perception and the
increased activity of the hypothalamic-pituitary-adrenal (HPA) axis, resulting in lower cortisol levels and
consequently influencing neuroendocrine system activity as well as the dopamine reward pathway. This
parasympathetic activation offsets the chronic sympathetic arousal, which is common in addiction, and
helps establish autonomic balance and emotional regulation. Further, yoga increases neuroplasticity and
cognitive control leading to attention regulation and executive functions (Gard et al., 2014; Khanna &
Greeson, 2013; Streeter et al., 2012)
There is emerging evidence of an association between the impact of yoga and modulation of
neurochemical mediators such as brain-derived neurotrophic factor (BDNF), serotonin, and dopamine,
which are involved in motivation, reward processing, and stress resilience. There are studies that reveal
enhanced BDNF levels associated with yogic practice, which promote neuronal growth and synaptic
plasticity, and mitigate the neurodegeneration associated with the stress of addiction and substance abuse
(Cahn et al., 2017). In addition, various yogic breathing practices, such as Sudarshan Kriya Yoga, have
proven clinical utility in lowering anxiety, depression, and substance craving, which points to their
capacity to normalise dysregulated neural circuits in addiction (Brown & Gerbarg, 2005).
The neurocognitive basis of yoga is that it enhances the activity of the prefrontal cortex and allows top-
down control, thereby facilitating self-regulation, impulse control, and emotional resilience, all of which
are deficits in addiction (Schmalzl et al., 2015).
2. Objectives
The objective of this literature review is to assess the potential of yoga as a modulator of addiction
neurophysiology through mechanisms of action within the psychoneuroendocrine, autonomic, immune,
and neurocognitive systems. Specifically, the following objectives will be addressed:
e To provide an overview of the available information on the effect of yoga on the neurocircuits
involved in addiction processes, including dopaminergic reward and stress regulatory systems.
e To assess the physiological and biochemical mechanisms underlying the effect of yoga on
neurochemical mediators of addiction, such as cortisol, dopamine, and BDNF.
e To identify empirical research on the role of yogic practices such as breath regulation, meditation,
and physical postures in overcoming addictive behaviour, cravings, and prevention of relapse.
3. MATERIALS & METHODS
The narrative review approach was used in this study, since this method is capable of exhaustively
analyzing the existing literature on the neurobiological mechanisms that underlie smartphone addiction

and the potential therapeutic effects of yoga for its prevention and treatment. A systematic literature search
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was conducted with the help of online databases like PubMed, Scopus, PsycINFO, Google Scholar Labs,
and SAGE Journals. Some supplementary information was gleaned by hand searching the references in
appropriate papers. The literature search concentrated on articles and papers published in peer-reviewed
journals that have helped the conceptual understanding of addiction neuroscience and/or the yogic
mechanisms. The following search strategy uses keywords and Boolean operators ("AND", "OR").
Studies were included that explained Neurobiological, psychological, or physiological mechanisms of
addiction, including behavioral or smartphone addiction, and were published in peer-reviewed English
journals. They had explored the effects of yoga on neurophysiological, neuroendocrine, autonomic,
cognitive or psychological parameters related to addiction, and had included original research, clinical
trials, observational studies, systematic reviews, meta-analyses, or authoritative reviews. Exclusions
consist of conference abstracts, editorials/commentaries, dissertations, unpublished reports, and papers
containing only methodological information. The following keywords were used: Yoga, Neurobiology of
addiction, BDNF, Reward circuit, Smartphone Addiction, Problematic Smartphone use, Neuroscience of
Yoga.

4. Conceptual Framework of Smartphone Addiction Categorization:

Smartphone addiction has been defined as an excessive and uncontrollable use of smartphones, which
may be associated with psychological distress and impairments in daily functioning. Lin et al. have
characteristics of common addictive behaviors, such as substance and behavioral addictions. Using
structured interviews, 12 symptoms and four impairment criteria were studied in 281 college students.
They identified 6 key symptoms: failure to resist the urge to use a smartphone, smartphone withdrawal
symptoms, using a smartphone longer than intended, unsuccessful attempts to reduce smartphone use,
time spent on a smartphone, and continued use despite problems. Three or more symptoms resulted in an
84. 3% diagnostic accuracy, with 79. 4% sensitivity and 87. 5% specificity. The study also defines criteria
for impairment, such as physical or psychological impairments, risky or disruptive use, social or academic
impairments, and significant distress or time spent. There is a recommendation of at least two impairment
criteria for clinical significance. Notably, this is a research-based model, not a DSM-5-TR diagnosis. At
present, no specific psychiatric disorder is recognized as smartphone addiction in the International
Classification of Diseases 5th Edition- Text Revision (DSM- 5- TR) nor ICD- 11. Internet Gaming
Disorder is listed in DSM-5-TR, and Gaming Disorder is identified as an addictive behavior in ICD- 11.
The framework proposed by Lin et al. is meant as a research instrument, not a formal diagnosis (Lin et
al., 2016).

Other psychological and social factors contribute to problematic smartphone use. Recent research has
been correlated with mobile phone addiction and anthropomorphism (the tendency to perceive phones as
human-like), and suggests that this may be the reason for the correlation between loneliness and mobile
phone addiction. For instance, a study in 2023 of 582 Chinese students revealed that anthropomorphism

explained the link between loneliness and phone addiction, with family support reducing this connection
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dependence, and that the association between relationship quality and these mediators was observed. The
results suggest that phones can function as both objects and potential emotional and/or social connections
(Z. Zhang et al., 2025).

5. Neurobiology of Addiction: Dopaminergic Reward Pathway

Functional impairment is central to the neurobiology of addiction, involving the mesolimbic dopamine
system that plays an important role in reward processing and motivation. This pathway originates in the
dopaminergic neurons of the VTA, and its projections target the NAc, prefrontal cortex, and amygdala.
The release of DA in these circuits represents reward prediction and reinforces behaviors, and thus is a
crucial component in the development and maintenance of addictive disorders (Koob & Volkow, 2016;
Volkow et al., 2011; Wise, 2004).

Dysregulations in this system underlie addiction, in particular, changes in dopamine signalling. In the
field of substance use and food addiction, for instance, there are altered expressions of D2R receptors in
these reward-related brain regions, with a correlation between the altered receptor expression and the
compulsive intake and craving behavior (Volkow et al., 2011). Neuropharmacological studies have
suggested that there are several neurotransmitter systems that regulate these dopaminergic pathways, and
drugs of abuse activate a hierarchy of neurotransmitter systems within the mesolimbic circuitry. The
ventral pallidum, amygdala, hippocampus, and other interconnected areas play roles in various facets of
reward and reinforcement, Changes to the brain's structure and function are a core component of addiction
(Bardo, 1998; Koob & Volkow, 2016).

The prolonged use of an addictive substance or behavior causes adaptations in the system, including a
decrease in D2 receptors, desensitization of synapses and structural changes in prefrontal cortex regions
involved in executive function. These neuroadaptations create tolerance and compulsive seeking behavior
with the associated impaired regulation of reward that reinforces the addiction cycle. Other changes in
molecular signaling, such as modification of neuropeptides and stress-related pathways, further regulate
vulnerability to addiction and relapse (Koob, 2006; Koob & Moal, 1997).

With respect to smartphone addiction, while there are emerging detailed neurobiological studies,
converging evidence suggests that parallels can be drawn with substance and behavioral addictions.
People can experience dopamine surges when they use their phones for too long, such as when they receive
intermittent social rewards (notifications, likes, etc.), which can reinforce excessive phone use. These
repeated stimulations probably lead to neuroplastic changes, such as a downregulation of D2 receptors
and loss of prefrontal regulatory control, which increases the likelihood of compulsive use and craving
similar to drug addictions. Functional imaging indicates that smartphone-related cues activate ventral
striatum and prefrontal cortex circuits related to motivated behaviors and craving, but further mechanistic
studies are needed to better determine the exact role of these circuits (Brand et al., 2019; Panova &
Carbonell, 2018).
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relapse in smartphone addiction similar to the role they play in substance dependency, where brain stress
systems interact with reward dysregulation. Therefore, smartphone addiction could have common
neurobiological processes with other addictions such as dopamine dysfunction, reorganization of neural
circuits, and engagement of stress-related neural pathways (Koob & Volkow, 2016; Montag et al., 2021).
Addiction is a complex set of neuroadaptations that occur in the mesolimbic dopamine system to impact
reward processing and executive control. The neurobiological alterations involved in smartphone
addiction seem to follow a pattern similar to compulsive behaviors, but additional studies are required to
better define the specific neurobiological changes occurring in smartphone addiction (Brand et al., 2019;
Volkow et al., 2011).

Dopaminergic mechanisms play a central role in smartphone addiction, paralleling those in substance and
behavioral addictions through neuroimaging and neurochemical pathways associated with craving and
reinforcement.

6. Neuroimaging and Neurochemical Evidence:

The mesolimbic dopamine system, including the VTA, NAc, and prefrontal cortex, has consistently been
shown to respond to reward-related stimuli across all types of addiction in functional neuroimaging studies
(fMRI and PET). In substance addiction, the activation of the dopaminergic system is linked to
motivational states that are related to the desire and the expectation of obtaining a substance, and not only
to pleasure. Likewise, the brain regions involved in reward processing, such as those that are activated by
smartphone alerts and social interactions, overlap with those involved in drug-related rewards (Berridge
& Robinson, 2016; Horvath et al., 2020; Volkow et al., 2011).

Neurochemical adaptations associated with compulsive behaviors and craving are detected by PET
imaging in the form of decreased dopamine D2 receptor availability in addicted individuals. These
reductions in D2 receptors have been found in food-related addictive behaviors, behavioral addictions
such as pathological gambling and binge eating, and drug addiction, indicating a shared dopaminergic
dysfunction. While there are currently no specific PET studies on smartphone addiction, the similarities
in the involvement of dopaminergic pathways suggest a similar neurochemical profile: dopamine receptor
downregulation can be seen as a reinforcement of compulsive smartphone use (Brand et al., 2019; Clark
etal., 2012; Koob, 2006).

7. The involvement of dopamine in craving and reinforcement:

Craving is elicited via the mesolimbic pathway and the learned association of cues with the anticipation
of reward. In addition, so-called conditioned cues (drug-related, food-related or smartphone-related)
release dopamine and stimulate compulsive seeking behaviors. Reinforcement comes from the fact that
dopamine is thought to be responsible for signaling RPE, which enhances habits associated with addictive
stimuli. Social rewards like likes, messages and notifications, in the context of smartphone addiction, are

powerful reinforcers that trigger phasic dopamine release, which encourages repeated use and can produce
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‘addictive behaviors. Repeated stimulation causes changes in the brain such as down-regulation of the D2
receptor in the nucleus accumbens, which reduces reward sensitivity and increases craving during periods
of abstinence or decreased use (Koob & Volkow, 2016; Montag et al., 2021; Montag & Walla, 2016;
Schultz, 1998) . This dopaminergic mechanism is responsible for the compulsive urge and loss of control
that people with smartphone addiction have, similar to that of a substance use disorder. Persistent
activation of the reward system and a failure of the prefrontal cortex to control impulsivity maintain the
addictive cycle of excessive smartphone use (Horvath et al., 2020; Koob & Volkow, 2016).

8. The neurophysiological effects of yoga:

Yoga is a wide range of practices that all work towards physical, mental and spiritual health. Asanas
(Physical Postures): These exercises are physical, which improve flexibility, muscle strength and balance
and induce relaxation. The physical component of yoga is similar to physical exercise, but adds the
elements of mindfulness and the cultivation of awareness of the breath, making it distinct from traditional
exercise programs (Govindaraj et al., 2016). Pranayama (Breathing Regulation): Sudarshan Kriya Yoga
and Bhastrika pranayama are practiced to regulate the autonomic function and increase the balance of the
Sympathetic and Parasympathetic nervous system. The benefits of Pranayama practice have been shown
in terms of decreased anxiety, enhanced cardiovascular function and modulation of brain regions
associated with emotional processing (Brown & Gerbarg, 2005; Novaes et al., 2020). Regular pranayama
practice significantly enhances emotional intelligence and overall emotional competence (Kushwaha et
al., 2024). Meditation (Dhyana): Meditative practices foster mindfulness and focused attention, leading
to neuroplasticity and psychological shifts that enhance cognitive control and emotional regulation.
Engaging in meditation regularly over time can produce measurable structural changes in the brain and
the development of trait mindfulness (Cahn etal., 2017; Froeliger et al., 2012) . These integrative practices
collectively promote whole-health effects, beyond the effects on the body alone, addressing the interaction

of mind and body at several regulatory levels.
9. Mechanisms by Which Yoga Influences the CNS:

Yoga meditation practitioners for a long time show a larger quantity of grey matter in frontal, limbic,
temporal, occipital and cerebellar brain areas, which are connected with executive function, emotional
regulation and sensory processing. These structural changes in the brain are associated with a decrease in
cognitive failures, suggesting better brain efficiency (Froeliger et al., 2012; Holzel et al., 2011). Yoga
practices, such as pranayama, can regulate the ANS and increase parasympathetic activity and reduce
sympathetic overactivity. The outcome of this is a decrease in heart rate, blood pressure, and metabolism,
collectively known as the relaxation response (Brown & Gerbarg, 2005; Streeter et al., 2012). Pranayama
has been demonstrated using fMRI to affect the activity of the brain regions related to emotional
processing and awareness: amygdala, anterior cingulate cortex, anterior insula and prefrontal cortex.
Yoga's effects on neural networks that regulate emotion are reflected in reduced functional connectivity

between the anterior insula and the lateral prefrontal cortex, which is associated with lowered feelings of
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anxiety (Novaes et al., 2020). Neuroendocrine and Immune Interactions: Yoga has neurohormonal effects
by reducing sympathetic activity and balancing the HPA (hypothalamic-pituitary-adrenal) and HPG
(hypothalamic-pituitary-gonadal) axes. This regulation also affects the modulation of neurotransmitters,
neuropeptides, hormones, and cytokines, among other factors, which leads to a decrease in the immune
system disorder caused by stress (Arora & Bhattacharjee, 2008).

10. The Modulation of Reward Circuitry of Addiction and Dopamine Function by
Yoga:

Addiction, even behavioral addiction like smartphone addiction, is fundamentally a dysregulation of the
mesolimbic dopaminergic reward system, the key structures of which are the VTA, NAc and PFC.
Impaired dopamine processing in this circuitry is linked to under-rewarded processing, compulsive
behaviors, and craving states that are hallmarks of addiction (Koob & Volkow, 2016; Ross & Peselow,
2012).

Although there is direct evidence that mentions yoga and its effects specifically on the dopaminergic
pathways in smartphone addiction, the latter is limited so far; however, studies on the general effect of
yoga on brain function have shown promise of modulations of reward-related pathways and
neurotransmitter systems involved in-addiction. Other pro-dopaminergic treatments have been found to
restore dopamine function by improving functional connectivity and neuroplasticity in reward and
cognitive centres, including the NAc, anterior cingulate, and PFC, which in turn decreases addictive
behaviors. Yoga practices, which combine physical postures, breathing and meditation, induce
neuroplastic changes in brain regions that overlap with those associated with reward and executive control
(Froeliger et al., 2012; Gothe et al., 2019; Villemure et al., 2015). The findings of this study indicate that
yoga might be able to increase gray matter volume and improve functional connectivity of PFC and limbic
regions which can enhance regulatory control over dopaminergic circuits involved in craving and
compulsive use of drugs. The increased cortical control may help to balance the hallmark of addiction,
the dopamine dysregulation syndrome, which can reduce the compulsive behaviors (Froeliger et al., 2012;
Schmalzl et al., 2015). In addition, yoga and pranayama regulate the autonomic nervous system and
decrease neuroinflammatory factors in the autonomic nervous system stimulated by stress, which impact
the dopamine neurotransmission. For example, modulation of neuroimmune signaling, including
decreased levels of TNF-a and associated cytokines, may have a protective effect against dopaminergic
neuronal loss in the VTA and enhance dopamine release to facilitate recovery from addiction-related
dysfunction (Bower & Irwin, 2016; Pascoe et al., 2017).

11. Integrated neurophysiological and psychological mechanisms of yoga on
addiction-related behaviors:

Yoga may normalize dopaminergic transmission by mitigating stress and neuroinflammation, which can
restore function to the dopamine receptors and a balanced dopaminergic system in the mesolimbic region.

The stress-buffering properties of yoga could restore normal dopamine levels, which play a vital role in
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curbing cravings and compulsions, a hallmark of addiction (Bower & Irwin, 2016; Koob & Volkow,
2016; Pascoe et al., 2017). Yoga increases the tone of the PNS and decreases the overactivity of the SNS,
thus reducing the over activation of stress pathways that further worsen the dysfunction of the dopamine
system. Stress-related activation of the hypothalamic-pituitary-adrenal axis decreases the negative
reinforcement cycles that maintain addictive behaviors (Brown & Gerbarg, 2005; Streeter et al., 2012).
Mindfulness & Emotional Regulation: Yoga mindfulness increases awareness of cravings and emotional
states, reducing conditioned dopaminergic reactivity to addiction cues. Yoga helps to extinguish/reduce
the learned behavior of rewarding pleasant results to smartphone use or substance use, by interrupting the
rewarding expectation loop (Brewer et al., 2011; Garland et al., 2014; Schmalzl et al., 2015).

Reduction of Neuroinflammatory Mediators: There are emerging data connecting dopaminergic
dysfunction associated with addiction with cytokines of the neuroinflammatory system, such as TNF-q.
Yoga may dampen such neuroimmune activation, normalize the function of the dopamine neurons and
enhance the resilience to relapse (Bower & Irwin, 2016; Felger & Treadway, 2017; Pascoe et al., 2017).
Smartphone and other behavioral addictions are associated with integration of Yoga into therapeutic
models. Inclusion of Yoga in therapeutic models for smartphones and other behavioral addictions (Brand
et al., 2019; Gothe et al., 2019; Montag & Walla, 2016).

Existing studies provide evidence for neurophysiological effects of yoga on reward related brain networks
and mechanisms that play a key role in addiction, suggesting that this practice may have beneficial effects
on the dopamine system, a system that needs further empirical investigation to clarify the dopamine
changes associated with yoga in the context of smartphone addiction. Therefore, yoga is considered as an
evidence-based, harmless and easily accessible complementary approach for the multi-disciplinary
treatment of addictive disorders (Gothe et al., 2019; Schmalzl et al., 2015).

12. The impact of Yoga on Dopaminergic Mechanisms related to addiction:
Researchers have found evidence that Yoga influences the "reward circuitry” and dopamine levels.
Although research on addicted individuals is limited, a neurobiological review indicates that yoga
enhances the brain reward system through morphological and dopaminergic changes in regions associated
with reward circuits. It decreased striatal radioligand binding and increased D2 receptor binding in the
ventral striatum, which is a central region for reward learning and drug-seeking behavior (Kjaer et al.,
2002). In over-engaged internet addicted adolescents, mRNA of D5 dopamine receptor is down-regulated,
and a review suggests that the epigenetic effects of Hatha yoga can help restore the expression of D5 and
alleviate addiction symptoms (C. K. Putchavayala et al., 2022). Studies on social media addiction state
that digital cues stimulate mesolimbic dopaminergic pathways and that yoga alters activity in reward areas
like the ventral striatum and nucleus accumbens, and creates neuroplastic changes in connections (Brand
et al., 2019; Schmalzl et al., 2015).
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Figure 1: Neurological Pathways of Smartphone Addiction and Mechanistic Impact of Yoga Brain and Body
13. DISCUSSION

Evidence from the neurobiological studies suggests that yoga could have a beneficial effect on neural
systems that have been linked to addiction, with the potential of altering the functioning of the
dopaminergic reward system, autonomic nervous system function, stress responses, and executive
function. Experimental and neuroimaging research shows that yoga practices are linked to greater release
of dopamine in the striatal areas, greater activation of the parasympathetic (vagal) system, decreased
activation of the hypothalamic—pituitary—adrenal (HPA) axis, and greater functional engagement of
prefrontal cortical regions that regulate attention, inhibitory control, and emotional regulation. Together,
these neurophysiological changes can buffer against dysfunctional reward processing and self-regulation,
which is important in addictive disorders (Gard et al., 2014; Kjaer et al., 2002; Schmalzl et al., 2015;
Streeter et al., 2012).

These neurobiological mechanisms are supported by clinical and quasi-experimental studies showing that
yoga-based interventions can diminish craving, impulsivity, severity of substance use, psychological
distress, and enhance mindfulness, emotional regulation, and self-control in individuals with substance
use disorders (SUDSs) or behavioral addictions (Khanna & Greeson, 2013; Petker et al., 2021; Tadpatrikar
etal., 2024; Walia et al., 2021).

Consistent results across intervention studies conducted so far show that yoga interventions reduce
problematic smartphone use, improve emotional regulation and mindfulness, and improve self-control.
While there is currently no direct evidence from neuroimaging, these behavioral improvements are in line
with theorized effects of yoga on cue-induced craving and compulsive smartphone use, which include
restoring autonomic balance, enhancing prefrontal inhibitory control, and modulating dopaminergic

reward systems. Further longitudinal neuroimaging and neurochemical research is needed to directly
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confirm these proposed mechanisms in people with smartphone addiction (Brand et al., 2019; Montag &
Walla, 2016; K. C. Putchavayala et al., n.d.; Thapliyal et al., 2025).

14. CONCLUSION

This review highlights yoga as a promising complementary intervention targeting neurobiological and
psychological processes in smartphone addiction. Evidence suggests yoga practices such as asana,
pranayama and meditation may improve autonomic regulation, reduce stress reactivity, enhance prefrontal
control, and promote emotional regulation and self-awareness. These effects may modulate dopaminergic
reward processing and reduce cue-induced craving, potentially breaking the cycle of compulsive
smartphone use. However, direct evidence for normalization of dopaminergic neurotransmission
following yoga in individuals with smartphone addiction is lacking; more research is needed.

Clinically, yoga should be an adjunct within a comprehensive management strategy, combined with
behavioral therapies like cognitive behavioral therapy, mindfulness, psychoeducation, digital hygiene,
and, if needed, medication, to address reward dysregulation, stress vulnerability, executive dysfunction,
and maladaptive behaviors.

Despite promising preliminary results, current evidence on smartphone addiction is limited by small
samples, varied protocols, inconsistent criteria, and few longitudinal or neurobiological studies. Future
research should focus on large, well-powered randomized trials using diverse outcome measures like
neuroimaging, biomarkers, autonomic indices, and standardized severity assessments. These are vital to
uncover causal mechanisms, neural biomarkers of treatment response, and long-term effects of yoga
interventions. Smartphone addiction is a complex behavioral issue involving reward, stress, and control
networks, with neurobiological links. While evidence of yoga's neurobiological impact is limited, existing
research supports its role in integrated treatment. Further neuroscience, behavioral medicine, and yoga
research is key to developing effective, holistic interventions for this growing global problem.
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