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Abstract

Smartphone addiction among college students is associated with digital eye strain and adverse ocular physiological changes, yet evidence-based interventions
remain limited. We aimed to evaluate whether yogic practices combined with yoga nidra provide superior benefits compared with yogic practices alone for improving
ocular health in smartphone-addicted college students. We conducted a single-blind, randomised controlled trial between June and October 2024. College students
aged 18-25 years with smartphone addiction (Smartphone Addiction Scale-Short Version score 231 for males, >33 for females) were randomly assigned (1:1) to
receive either yogic practices plus yoga nidra (YP+YN; 90 minutes per session) or yogic practices alone (YP; 60 minutes per session), delivered three times weekly for
16 weeks. The primary outcome was visual acuity measured using the Snellen chart. Secondary outcomes included near-point of convergence, accommodative
facility, tear film break-up time, intraocular pressure, digital eye strain symptoms, and computer vision syndrome scores. Outcome assessors were masked to group
allocation. Of 156 students assessed for eligibility, 120 were randomised to YP+YN (n=60) or YP (n=60). The overall retention rate was 86.7% (104 of 120 participants).
Both groups showed significant improvements in visual acuity, but the YP+YN group demonstrated greater improvement (mean difference 0.10 [95% C/ 0.07-0.13] vs
0.05 [0.03-0.07]; between-group difference p=.031). All secondary physiological outcomes favoured the YP+YN group, including near-point of convergence
(between-group difference p=.007), accommodative facility (p=.012), tear film break-up time (p=.023), intraocular pressure (p=.036), digital eye strain score (p<.001),
and computer vision syndrome score (p=.003). No serious adverse events occurred. Yogic practices combined with yoga nidra provide superior benefits compared
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whith yogic practices alone for improving ocular health in smartphone-addicted college students. These findings support the integration of comprehensive yogic
interventions into preventive healthcare programmes targeting technology-related health problems.
Keywords: Yoga, relaxation, phone addiction, student.

Resumen

La adiccion al teléfono inteligente entre estudiantes universitarios estda sociada con fatiga visual digital y angustia psicologica; sin embargo, las intervenciones
basadas en evidencia siguen siendo limitadas. Nuestro objetivo fue evaluar si las practicas yéguicas combinadas con yoga nidra ofrecen beneficios superiores en
comparacioén con las practicas yéguicas solas para mejorar la salud ocular en estudiantes universitarios adictos al teléfono inteligente. Llevamos a cabo un ensayo
controlado aleatorizado, simple ciego, entre junio y octubre de 2024. Se seleccionaron estudiantes universita-rios de entre 18 y 25 afios con adiccion al teléfono
inteligente (puntuacién =31 para hombres, >33 para mujeres en la versién corta de la Escala de Adiccién al Smartphone), quienes fueron asignados aleatoriamente
(1:1) a recibir practicas yéguicas mas yoga nidra (PY+YN; 90 minutos porsesién) o solo practicas yoguicas (PY; 60 minutos porsesion), tres veces por semana durante
16 semanas. El resultado principal fue la agudeza visual medida con la cartilla de Snellen. Los resultados secun-darios incluyeron el punto cercano de convergencia,
la facilidad de acomodacién, el tiempo de ruptura de la pelicula lagrimal, la presion intraocular, los sintomas de fatiga visual digital y las puntuaciones del sindrome
de visién por computadora. Los evaluadores de los resultados estaban enmascaradosr especto a la asignacién de grupos. De los 156 estudiantes evaluados para
determinar su elegibili-dad, 120 fueron asignados aleatoriamente a PY+YN (n=60) o PY (n=60). La tasa de retencion general fue del 86.7 % (104 de 120 participantes).
Ambos grupos mostraron mejoras significativas en la agudeza visual, pero el grupo PY+YN demostré una mayor mejora (diferencia media 0.10 [/C del 95%: 0.07-0.13]
frente a 0.05 [0.03-0.07]; diferencia entre grupos p=.031). Todos los resultados fisiolégicos secundarios favorecieron al grupo PY+YN, incluyendo el punto cercano
de convergencia (diferencia entre grupos p=.007), la facilidad de acomodacién (p=.012), el tiempo de ruptura de la pelicula lagrimal (p=.023), la presién intraocular
(p=.036), la puntuacién de fatiga visual digital (p< .001) y la puntuacién del sindrome de visién por computadora (p=.003). No se produjeron eventos adversos
graves. Las practicas yéguicas combinadas con yoga nidra ofrecen beneficios superiores en comparacién con las practicas yéguicas solas para mejorar la salud
ocular en estudiantes universitarios adictos al teléfono inteligente. Estos hallazgos respaldan la integracion de intervenciones yéguicas integrales en los programas

de atenciénpreventiva de la salud dirigidos a problemas de salud relacionados con la tecnologia.

Palabras clave: Yoga, relajacién, adiccion al teléfono, estudiantes.

Introduction

The exponential growth in smartphone usage has created an unprecedented global health challenge, with smartphone
addiction now recognised as a significant behavioural disorder affecting millions worldwide (Nawaz, 2023). College students
represent a particularly vulnerable population, with prevalence rates of smartphone addiction ranging from 22% to 60%
across different countries (Olson et al., 2020). This demographic spends an average of 8-12 hours daily engaged with
digital devices, substantially exceeding recommended screen time guidelines and creating a cascade of physiological and
psychological health consequences (Olson et al., 2025).

Digital eye strain, also known as computer vision syndrome, has emerged as one of the most prevalent manifestations
of excessive screen exposure. The condition encompasses a constellation of ocular and visual symptoms including
eye fatigue, dryness, irritation, blurred vision, and accommodation difficulties (Bradford & Melson, 2021). The
underlying pathophysiology involves multiple mechanisms: reduced blink rates leading to tear film instability, sustained
accommodation causing ciliary muscle spasm, convergence insufficiency from prolonged near work, and blue light exposure
potentially affecting retinal health (Antemie et al., 2023; Kaur et al., 2022). Epidemiological studies indicate that 50-90%
of individuals with significant digital device exposure experience symptoms of digital eye strain, with severity correlating
directly with duration and intensity of screen use (Mataftsi et al., 2023). Beyond ocular manifestations, smartphone
addiction is strongly associated with psychological distress, including elevated rates of anxiety, depression, sleep disorders,
and reduced academic performance (Ou-Yang et al., 2023). The bidirectional relationship between psychological stress
and ocular symptoms further compounds the clinical picture, creating a self-perpetuating cycle of deteriorating health
outcomes (Pera, 2020). Traditional interventions for digital eye strain, including artificial tears, computer glasses, and
ergonomic modifications, provide only symptomatic relief without addressing underlying behavioural patterns or stress-
related components (Sheppard & Wolffsohn, 2018).

Yogic practices represent a potentially transformative approach to addressing technology-related health problems
through their demonstrated effects on both physiological and psychological wellbeing (Maheshkumar et al., 2023;
Padmavathiet al., 2023). Systematic reviews have established the efficacy of yoga interventions for reducing stress, anxiety,
and depression while improving various aspects of physical health (Archana et al., 2024; Prashanth et al., 2024). Specific to
ocular health, preliminary studies suggest that yogic practices, particularly eye exercises (trataka) and pranayama (breathing

techniques), may improve visual acuity, accommodation, and convergence function (Boopalan et al., 2025).
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Yoga nidra, often termed "yogic sleep," represents a distinct practice involving systematic relaxation while maintaining
conscious awareness. This guided meditation technique induces a hypnagogic state characterised by profound physical
relaxation accompanied by heightened mental awareness (Vanitha et al., 2018). Neurophysiological studies demonstrate
that yoga nidra practice is associated with increased alpha wave activity, reduced cortisol levels, and enhanced
parasympathetic nervous system activation (Gonmei et al., 2025; Ragavee et al., 2024; Ravi et al., 2024). These
neurobiological changes suggest that yoga nidra may provide additional therapeutic benefits beyond those achieved
through physical yogic practices alone, particularly for stressrelated conditions.

Despite growing interest in yoga-based interventions for technology-related health problems, rigorous clinical trials
examining their efficacy remain scarce. Previous studies have been limited by small sample sizes, lack of appropriate control
groups, short intervention periods, and inadequate outcome measures. Furthermore, no previous research has specifically
examined whether the addition of yoga nidra to conventional yogic practices provides incremental benefits for individuals
with smartphone addiction and associated symptoms.

The theoretical framework underlying our intervention is based on the understanding that smartphone addiction and
digital eye strain represent complex conditions requiring multifaceted therapeutic approaches. Physical yogic practices
(asanas) may directly address muscular tension and postural abnormalities associated with prolonged device use, while
breathing techniques (pranayama) can modulate autonomic nervous system function (Abirami et al., 2024; Prashanth et al.,
2024). The addition of yoga nidra may provide deeper stress reduction and facilitate recovery from the chronic hyperarousal
state characteristic of technology addiction (Moszeik et al., 2022). Given the escalating public health impact of smartphone
addiction and the limitations of existing interventions, there is an urgent need for evidence-based, holistic approaches
that address both the physiological and psychological dimensions of technology-related health problems. We therefore
conducted this randomised controlled trial to evaluate whether yogic practices combined with yoga nidra provide superior
benefits compared with yogic practices alone for improving ocular health and physiological wellbeing in
smartphone-addicted college students.

Materials and Methods

Study Design

We conducted a randomized controlled trial to evaluate the efficacy of yogic practices with and without yoga nidra on
physiological and psychological variables among smartphone addicted college students. The study was conducted between
June 2024 and October 2024 in Udumalpet city, Tamil Nadu, India. This trial is reported following the Consolidated Standards
of Reporting Trials (CONSORT) 2010 guidelines for parallel group randomised trials, and the yoga intervention is described
in accordance with the CLARIFY (Check Listst Andardising the Reporting of Interventions for Yoga) guidelines (Moonaz et
al., 2021, Ward et al., 2022).

Participants

College students aged 18-25 years with smartphone addiction were recruited through convenience sampling from colleges
in Udumalpet city. Smartphone addiction was identified using the Smartphone Addiction Scale-Short Version (SAS-SV) with
a cutoff score of 231 for males and >33 for females. Written informed consent was obtained from all participants prior to
enrollment. Ethical approval was obtained from the Institutional Ethics Committee (IEC No. YR-2024-05-18).

Sample Size

The sample size was calculated based on a previous study by Pal et al. (2022), using visual acuity as the primary outcome.
With a two-sided significance level of a = 0.05 and statistical power of 1-8 = 0.80, a minimum of 48 participants per group
was required to detect a clinically meaningful between-group difference. Accounting for an anticipated dropout rate of
approximately 20%, we planned to recruit 60 participants per group, yielding a total sample of 120 participants (Pal et al.,
2022).
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Randomization and Masking

Eligible participants were randomly assigned (1:1) to either the yogic practices with yoga nidra group (YP+YN) or yogic
practices alone group (YP) using computer-generated random numbers (Figure 1). Allocation concealment was ensured
using sequentially numbered opaque sealed envelopes. The outcome assessors were blinded to group allocation, but
participants and yoga instructors could not be blinded due to the nature of the intervention.

Figure 1
Study Flowchart
[ Enroliment ] Assessed for eligibility (n=156)
Excluded (n=36)
+ Not meeting inclusion criteria (n= 28 )
+ Declined to participate (n=8 )
| Randomized (n=120) |
[ Allocation ] Y
Allocated to intervention (n= 60) Allocated to intervention (n= 60)
. [ Follow-Up ] Yy
Discontinued intervention (n=7) Discontinued intervention (n= 9)
Schedule conflicts (n=3) Schedule conflicts (n=4)
Relocated (n=2) Relocated (n=2)
Lost interest (n=2) Lost interest (n=3)
A v
Completed intervention (n=53) Completed intervention (n=51)
v [ Analysis ]
Analysed (n=60) Analysed (n=60)
Intention-to-treat Intention-to-treat
Procedure

Baseline assessments were conducted for all participants including demographics, anthropometric measurements,
smartphone usage patterns, visual acuity, and physiological parameters. The YP+YN group received yogic practices followed
by yoga nidra for 90 minutes per session, while the YP group received only yogic practices for 60 minutes per session. Both
interventions were delivered three days per week for 16 weeks (48 sessions in total) by certified yoga instructors.

Yogic Practices Protocol

The yogic practices protocol for both groups included:

. Loosening exercises (pawanamukthasana series - 10 minutes).
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. Eye exercises (5 minutes).

. Suryanamaskar (3 sets - 10 minutes).

*  Asanas: Trikonasana, Ardha Kati Chakrasana, Padahastasana, Vakrasana, Ardha Matsyendrasana, Ushtrasana, Janu
Sirasasana, TriyankaBujangasana, Dhanurasana, Navasana (25 minutes).

*  Pranayama: Nadi Sodhan pranayama, Bhramari pranayama (5 minutes).

. Maha mudra (5 minutes).

The YP+YN group additionally received yoga nidra for 30 minutes following the yogic practices.

Yoga Intervention Details

The yoga intervention was based on traditional Hatha yoga and was delivered by two certified yoga instructors, each holding
a master's degree in yoga (MSc Yoga) with a minimum of five years of teaching experience. Sessions were conducted in
a dedicated, well-ventilated yoga hall at the respective colleges with standardised conditions (ambient temperature, quiet
environment, yoga mats provided). The intervention was delivered as group sessions with 15-20 participants per batch,
three days per week (Monday, Wednesday, and Friday) for 16 weeks (48 sessions total). Each session in the YP group lasted
60 minutes; each session in the YP+YN group lasted 90 minutes (60 minutes of yogic practices followed by 30 minutes of
guided yoga nidra). Participants were not assigned home practice. Attendance was recorded at each session; participants
who attended fewer than 75% of sessions (i.e., <36 of 48 sessions) were considered non-adherent. The mean attendance
rate was 82.3% (39.5 of 48 sessions) in the YP+YN group and 80.1% (38.5 of 48 sessions) in the YP group. Intervention fidelity
was monitored through periodic observation by a senior yoga faculty member using a structured checklist, and no protocol

deviations were recorded.

Assessment of Outcomes

Primary Outcome

Visual acuity was assessed using the standardized Snellen chart at a testing distance of 6 meters under controlled
illumination conditions. Participants were seated with proper head positioning and instructed to read the smallest line of
letters they could distinguish clearly, first with both eyes together, then monocularly for each eye. Visual acuity was recorded
in decimal notation, where 1.0 represents normal 20/20 vision, with higher values indicating better visual performance and
lower values representing reduced acuity (Kniestedt & Stamper, 2003).

Secondary Outcome

Near-point of convergence (NPC) was measured using the RAF rule to assess the closest distance for maintaining single
binocular vision. Participants maintained focus on an approaching target until diplopia occurred, with measurements
recorded in centimeters. Normal values range from 6-10 cm, with higher values indicating convergence insufficiency

associated with prolonged near work (Maples & Hoenes, 2007).

Intraocular pressure (IOP) was assessed using non-contact tonometry, measuring pressure via calibrated air pulses
directed at the central cornea. Three measurements per eye were averaged and recorded in mmHg. Normal IOP ranges

from 10-21 mmHg, with changes reflecting alterations in ocular circulation (Kim & Caprioli, 2018).

Accommodative facility (AF) utilized +2.00 diopter flipper lenses to evaluate rapid focus changes between distant and
near targets. Participants alternated focus through positive and negative lenses while maintaining clear vision of a near
chart at 40 cm. Results were expressed as cycles per minute (cpm), with normal values exceeding 11 cpm for individuals
under 30 years (Adler et al., 2018).

Tear film breakup time (TBUT) employed fluorescein strips to assess tear film stability. Following dye instillation, the time
from blink to first dry spot appearance was recorded in seconds using cobalt blue illumination. Normal TBUT exceeds 10
seconds, with lower values indicating dry eye syndrome commonly associated with digital device usage (Nichols et al., 2002).

Computer Vision Syndrome Questionnaire (CVS-Q) evaluated subjective eye strain symptoms through 16 items

addressing frequency and intensity of symptoms including eye fatigue, dryness, blurred vision, and associated discomfort.
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Participants rated symptoms on a 6-point Likert scale, with total scores ranging from 0-80 and higher scores indicating
greater symptom severity (Segui et al., 2015).

Digital Eye Strain Scale (DESS) assessed the severity of digital device-related ocular symptoms using a validated 15-item
questionnaire. The scale evaluates symptoms including eye dryness, excessive tearing, blurred vision, double vision, difficulty
focusing, increased blink rate, eye pain, eye heaviness, photophobia, burning sensation, foreign body sensation, itching,
excessive squinting, colored halos around objects, and other visual disturbances. Each symptom is rated on a 5-point Likert
scale (0 = no symptoms, 1 = mild, 2 = moderate, 3 = severe, 4 = very severe), with total scores ranging from 0-60. Higher
DESS scores indicate more severe digital eye strain symptoms, with the scale demonstrating good reliability and validity for
assessing treatment outcomes in digital device users (Barata et al., 2025).

Statistical Analysis

Data were analyzed using SPSS version 26.0. Normality of data was checked using the Shapiro-Wilk test. Demographic
characteristics were compared using independent t-tests for continuous variables and chi-square tests for categorical
variables. For outcome measures, we used paired t-tests to analyze within-group changes and independent t-tests to analyze
between-group differences. For non-normally distributed data, we used Wilcoxon signedrank test and Mann-Whitney U test
respectively. Analysis was performed on an intention-to-treat basis, with missing data handled using the last observation

carried forward method. p<.05 was considered statistically significant.

Results

Participant Flow and Baseline Characteristics

A total of 156 students were screened for eligibility, of whom 120 met the inclusion criteria and were randomized to either
YP+YN group (n=60) or YP group (n=60). During the 16-week intervention period, seven participants dropped out from the
YP+YN group and nine from the YP group, resulting in 53 and 51 participants completing the study in the respective groups
(Figure 1). The over all retention rate was 86.7%. Reasons for drop out included schedule conflicts, relocating to another
city, and loss of interest.

The baseline demographic and clinical characteristics of the participants are presented in Table 1. The groups were
comparable at baseline with no significant differences in age, gender distribution, BMI, smartphone usage time, screen time,

or baseline outcome measures.

Table 1

Baseline Demographic and Clinical Characteristics of Participants

Yogic Practices +

Yoga Nidra (n=60) Yogic Practices (n=60) p-value
Age (years) 20.37 +2.14 20.52 +2.08 .692
Gender .856
Male 32(53.3%) 31(51.7%)
Female 28 (46.7%) 29 (48.3%)
BMI (kg/m2) 22.84+£3.17 22.96 +3.25 .837
Education level 912
Undergraduate 45 (75.0%) 44 (73.3%)
Postgraduate 15 (25.0%) 16 (26.7%)

Note. Data are presented as mean + SD or n (%). BMI = bodymassindex.

Primary Outcome: Visual Acuity

Both groups showed significant improvement in visual acuity from baseline to post-intervention, with the YP+YN group
demonstrating greater improvement compared to the YP group (Table 2). The mean visual acuity in the YP+YN group
improved from 0.86 + 0.11 to 0.96 + 0.08 (p<.001), while in the YP group, itimproved from 0.85 + 0.12 to 0.90 + 0.09 (p<.001).
The between-group difference was statistically significant (p=.031).
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Table 2

Changes in Visual Acuity From Baseline to Post-Intervention

Mean difference  Within-group p- Between-group p-

Group Baseline Post-intervention (95% Cl) value value
YP+YN (n = 60) 0.86 £ 0.11 0.96 £ 0.08 0.10(0.07t0 0.13) <.001 .031
YP (n = 60) 0.85+0.12 0.90 + 0.09 0.05(0.03 to 0.07) <.001

Note. Data are presented as mean + SD. YP+YN = YogicPractices + Yoga Nidra. YP = YogicPractices. C/ =
Confidence Interval.

Secondary Physiological Outcomes

All physiological parameters related to ocular health showed significant improvements in both groups, with greater
improvements observed in the YP+YN group compared to the YP group (Table 3).

Table 3

Changes in Physiological Variables From Baseline to Post-Intervention

Baseline Post- :\:I,::fae:ence (95% Within-group p- Between-
intervention value groupp-value
Group ()]
Near-point of YP+YN 10.32+2.18 7.15+1.63 -3.17 (-3.74 to <.001 .007
convergence -2.60)
(cm) YP 10.45 + 2,26 8.68 +1.85 -1.77(-232t0  <.001
-1.22)
Accommodative YP+YN 8.64+2.73 12.45 £ 2.41 3.81(3.12t0  <.001 012
facility (com) 4.50)
YpP 8.53+2.65 10.76 232 223(1.59t0  <.001
2.87)
Tear film YP+YN 7.62 +1.53 9.84 +1.45 2.22(1.81to <.001 .023
break-up time 2.63)
(seconds) YpP 7.58 + 1.49 8.75+1.38 1.17(0.82to  <.001
1.52)
Intraocular YP+YN 16.48 £ 2.21 14.21 £1.87 -2.27 (-2.86 to <.001 .036
pressure -1.68)
(mmHg) YP 16.52+2.18 15.14 + 1.92 -1.38(-1.85t0  <.001
-0.91)
Digital eye strain YP+YN 18.63 +£4.27 10.24 £ 3.16 -8.39(-9.51to0  <.001 <.001
score -7.27)
YP 18.85 +4.31 13.45+3.52 -5.40 (-6.41 to <.001
-4.39)
CVS-Q score YP+YN 19.25+3.82 11.34 £ 2.75 -7.91(-8.88to  <.001 .003
-6.94)
YpP 19.42 £ 3.91 1417314  -525(-6.24t0  <.001
-4.26)

Note. Data are presented as mean + SD. YP+YN = YogicPractices + Yoga Nidra. YP = Yogic Practices. C/ =
Confidence Interval. cpm = cycles per minute. CVS-Q = Computer Vision SyndromeQuestionnaire.

The near-point of convergence improved significantly in bothgroups, withthe YP+YN groupshowing a
greaterimprovement (from 10.32 + 2.18 cm to 7.15 + 1.63 cm; p<.001) comparedtothe YP group (from 10.45 + 2.26 cm to
8.68 + 1.85 cm; p<.001). The between-group difference was statistically significant (p=.007).

Adverse Events

No serious adverse events were reported during the study period. Minor adverse events included temporary muscles or
eness in the initial weeks of yoga practice (YP+YN: n=8; YP: n=7) and milddizziness during yoga nidra (YP+YN: n=3). All adverse
events resolved spontaneously with outrequiring medical intervention.
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Discussion

This randomised controlled trial demonstrates that yogic practices combined with yoga nidra provide superior benefits
compared with yogic practices alone for improving ocular health and physiological wellbeing in college students with
smartphone addiction. The addition of yoga nidra to a comprehensive yogic practices programme resulted in significantly
greater improvements in visual acuity, all measured ocular physiological parameters, and digital eye strain symptoms.

Primary Findings

Our primary finding that visual acuity improved more substantially in the YP+YN group (0.10) compared with the YP group
(0.05) has important clinical implications. This magnitude of improvement represents a meaningful enhancement in visual
function that could significantly impact daily activities, particularly for individuals spending extensive time on digital devices.
The between-group difference of 0.05, while numerically modest, is clinically relevant given the baseline impairment in this
population.

The superior improvements in near-point of convergence, accommodative facility, and tear film breakup time in the YP
+YN group suggest that yoga nidra provides additional benefits beyond those achieved through physical yogic practices
alone. The improvement in near-point of convergence by 3.17 cmin the YP+YN group represents a substantial enhancement
in binocular vision function, addressing one of the key deficits associated with prolonged digital device use.

A previous study demonstrated that yoga ocular exercises significantly reduce eye fatigue symptoms among
undergraduate optometry students engaged in prolonged near and intermediate visual tasks. After six weeks of
intervention, participants in the exercise group showed a marked and statistically significant improvement in their eye
fatigue scores (p =.003), while the control group experienced a significant increase in symptoms (p = .044). These findings
suggest that regular practice of yoga ocular exercises enhances the efficiency of the extraocular muscles, providing a simple,
therapeutic, and nonpharmacologic approach to alleviate eye fatigue and associated asthenopic symptoms commonly
reported in nonpresbyopic individuals (Gupta & Aparna, 2020).

The findings of another study suggest that regular yoga practice may help reduce excessive smartphone use and promote
better sleep quality among university students. Students who engaged in yoga for 90 minutes daily, six days a week, over an
average of nearly 30 months, reported significantly lower smartphone addiction scores and fewer nocturnal interruptions
due to phone use compared to their non-yoga counterparts. Interestingly, while the non-yoga group reported slightly longer
sleep durations, their sleep was more frequently disturbed. However, both groups showed no significant differences in their
beliefs about wellbeing. These results highlight yoga's potential as an effective, nonpharmacological strategy to manage
addictive behaviors and improve sleep hygiene in young adults (Pal et al., 2022).

The enhanced benefits observed with the addition of yoga nidra likely relate to its unique neurophysiological effects.
Yoga nidra induces a hypnagogic state characterised by deep relaxation while maintaining conscious awareness, which has
been associated with increased alpha wave activity and reduced sympathetic nervous system activation (Deshmukh, 2023).
This profound relaxation response may facilitate greater recovery of the visual system from digital eye strain by reducing
accommodative spasm and improving tear film stability through enhanced parasympathetic tone. Smartphone addiction
negatively impacts physical and psychosocial health, contributing to behavioral disorders. Yoga offers a holistic approach
to digital detox by enhancing self-regulation, emotional balance, and physical wellbeing. It may serve as an effective
intervention to manage and reduce smartphone dependency (Putchavayala et al., 2022). Our findings have several important
clinical implications. First, they support the integration of yoga nidra into comprehensive interventions for digital eye strain,
particularly in populations with high screen exposure. The 90-minute session duration for the combined intervention, while
longer than the 60-minute yogic practices alone, remains feasible for implementation in university and workplace settings.

The substantial improvements in all measured parameters suggest that both interventions could serve as effective
nonpharmacological treatments for smartphone-related ocular symptoms. However, the superior efficacy of the combined

approach indicates that yoga nidra adds meaningful therapeutic value beyond physical yogic practices alone.
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From a public health perspective, these findings are particularly relevant given the increasing prevalence of digital eye
strain among young adults. The high retention rate (86.7%) suggests good acceptability of both interventions, supporting
their potential for broader implementation in preventive healthcare programmes.

Strengths and Limitations

Strengths of our study include the randomised controlled design, comprehensive assessment of physiological outcomes,
high retention rate, and use of validated measurement tools. The 16-week intervention period allowed sufficient time

for meaningful physiological adaptations, while the intention-to-treat analysis preserves the benefits of randomisation.

Several limitations warrant consideration. First, the single-blind design was unavoidable given the nature of the
interventions, potentially introducing bias in self-reported outcomes. However, the use of objective physiological measures
for primary and key secondary outcomes minimises this concern. Second, the study population was limited to college
students in a single geographical region, which may limit generalisability to other populations or cultural contexts.

Third, we did not include a control group receiving no intervention, as ethical considerations made it inappropriate to
withhold potentially beneficial treatment from individuals with smartphone addiction and associated symptoms. However,
the comparison between two active interventions provides clinically relevant information about the added value of yoga

nidra.

Finally, our follow-up was limited to immediate post-intervention assessment, preventing evaluation of long-term
sustainability of benefits. Future research should include extended follow-up periods to assess maintenance of
improvements and determine optimal intervention duration.

Future Research Directions

Several areas warrant further investigation. Long-term follow-up studies are needed to determine the durability of benefits
and identify factors associated with sustained improvement. Research examining dose-response relationships could inform
optimal intervention protocols, particularly regarding the frequency and duration of yoga nidra sessions.

Mechanistic studies using neuroimaging and physiological monitoring during yoga nidra practice could provide insights
into the neurobiological pathways underlying the observed benefits. Such research could inform the development of more
targeted interventions and identify biomarkers predictive of treatment response.

Finally, economic evaluations comparing the cost-effectiveness of combined yogic interventions with conventional
treatments for digital eye strain would inform healthcare policy decisions and support broader implementation of evidencebased

yoga interventions.

Conclusions

This study provides robust evidence that yogic practices combined with yoga nidra offer superior benefits compared
with yogic practices alone for improving ocular health and physiological wellbeing in college students with smartphone
addiction. The findings support the clinical utility of comprehensive yogic interventions for addressing the growing public
health challenge of technology-related health problems. Healthcare providers, educators, and policymakers should consider
integrating evidence-based yogic interventions into preventive and therapeutic programmes targeting digital eye strain and

ocular health outcomes.
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