
The Digital Triad: Screen Time, Sleep Disruption, and Vestibulo-Cochlear Dysfunction - A Pilot Study

Results & Discussion:
• Shapiro-Wilk confirmed normal distribution of sleep scores; independent samples t-test 

revealed significantly poorer sleep quality in the high screen time group (t = −4.29, p < 

.001), corroborating blue light-mediated melatonin suppression and circadian disruption as 

key underlying mechanisms (Chang et al., 2015).

• Mann-Whitney U test demonstrated significantly greater vestibular symptom severity in the 

high screen time group (U = 82.5, p = 0.012), supporting visual-vestibular mismatch theory 

wherein prolonged exposure to VR environments can induce vestibular and autonomic 

symptoms resembling motion sickness due to sensory conflict between visual, vestibular, 

and proprioceptive inputs (Garrido LE et al, 2022)

• Keppler et al. (2010) reported no statistically significant DPOAE changes following short-

term auditory stressor exposure, confirming that cochlear outer hair cell function remains 

resilient to indirect stressors  consistent with the present study's findings (p > 0.05).

• Spearman's correlation confirmed a strong association between screen time and sleep 

quality (ρ = 0.571, p < .001) and a moderate association with vestibular symptoms (ρ = 

0.470, p = .004), establishing a clear dose-dependent relationship between digital exposure 

and multisystem dysfunction. These findings may be explained by prolonged exposure to 

visual stimuli, circadian rhythm disruption, and sensory conflicts between visual, vestibular, 

and proprioceptive inputs, which can contribute to sleep disturbances, dizziness, 

disorientation, and other vestibular symptoms.

Conclusion:

This study concludes that excessive screen time significantly impairs sleep quality and 

vestibular function in young adults, while cochlear function as measured by DPOAE remains 

unaffected collectively defining a "Digital Triad" of multisystem digital impact. The significant 

correlations among screen time, sleep, and vestibular symptoms reflect a dependent 

physiological burden wherein these systems mutually reinforce dysfunction. These findings 

highlight the urgent need for routine interdisciplinary audio-vestibular and sleep screening in 

screen-exposed populations, alongside public health strategies promoting digital lifestyle 

modification to prevent progression from subclinical to clinically significant impairment.
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Introduction:

• Digital device usage has escalated dramatically among young adults, with individuals aged 18–

25 spending an average of 7–9 hours daily on screens, a trend further amplified by the 

COVID-19 pandemic (Twenge & Campbell, 2019). 

• Prolonged screen exposure suppresses melatonin secretion through blue light emission, 

disrupting circadian rhythm and degrading sleep quality (Chang et al., 2015; Hysing et al., 2015); 

chronic sleep deprivation further impairs autophagy and increases oxidative stress-induced 

cochlear hair cell and synaptic damage, contributing to hearing loss (Bing et al., 2019). 

• Additionally, screen time exceeding 4 hours per day is significantly associated with balance 

disorders, mediated by visual strain, poor posture, and anxiety-related vestibular dysfunction 

(Fu, 2024). 

• Despite these independent associations, no prior study has concurrently examined sleep 

quality, vestibular function, and cochlear function within the same population, a critical gap this 

study addresses.

Need for the study:
• Despite independent links between excessive screen time and sleep, vestibular, and cochlear 

dysfunction, no study has examined all three concurrently, highlighting the urgent need for 

interdisciplinary screening to detect subclinical multisystem impairment early.

Aim & Objectives:
To investigate the impact of excessive screen time on sleep quality, vestibular function, and 

cochlear function in young adults, and to explore the interrelationships among these three 

domains.

Method:
Study Design: Pilot study with a comparative cross-sectional design.

Participants: 36 adults (18–25 years) divided into 2 groups based on Screen Time Interview:

Average daily ST (hrs) = [(average ST on weekdays × 5) + (average ST on weekends × 2)] / 7.

➢ High screen time group: >4 hrs/day (n = 18) 

➢ Low screen time group: <4 hrs/day (n = 18)

Test Administered:

• Sleep quality was assessed using the Sleep Quality Scale (SQS),

• Vestibular symptom severity was measured with the Vertigo Symptom Scale – Short Form 

(VSS-SF), 

• Cochlear function was valuated using Distortion-Product Otoacoustic Emissions (at 

frequency [2f1-f2] ; L₁=65 dB SPL and L₂=55 dB SPL)
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