


Strabismic Anomalies of Binocular Vision Associated with Excessive Screen Use in Children and Young Adults

Abstract
Background
The pervasive use of digital devices for education and recreation is linked to a rising incidence of binocular vision anomalies, particularly heterophoria, in children and young adults. These conditions disrupt fusional vergence, potentially causing asthenopia, diplopia, and visual discomfort.
Objective
This study aimed to investigate the relationship between excessive screen use and heterophoria, specifically esophoria and exophoria, in children and young adults.
Methods
A retrospective cross-sectional study evaluated 40 patients aged 5-30 years with heterophoria and best-corrected visual acuity of 6/9 or better, excluding those with strabismus, amblyopia, or ocular surgery. Participants were categorized into exophoria (n=30) and esophoria (n=10) groups. The magnitude of phoria (prism diopters, PD), near point of convergence (NPC), and near point of accommodation (NPA) were measured. Screen time data was collected via questionnaire. Statistical analyses included t-tests, chi-square tests, correlation analyses, and regression models.
Results
The mean age was 18.2 ± 6.1 years, with a female predominance (62.5%). Mean daily screen time was 5.1 ± 2.3 hours. Females had higher odds of esophoria (OR=3.1, 95% CI: 1.2–8.0, p=0.02). Screen time was positively correlated with near phoria magnitude (r=0.32, p=0.04) and negatively correlated with NPC (r=-0.41, p=0.008). Esophoria was associated with shorter NPC (7.6 ± 1.1 cm vs. 9.8 ± 2.1 cm, p=0.003) and NPA (8.2 ± 1.3 cm vs. 10.3 ± 2.3 cm, p=0.02). Myopia was more prevalent in esophoria (66.7% vs. 33.3%, p=0.04), while astigmatism was more prevalent in exophoria (66.7% vs. 33.3%, p=0.04).
Conclusion
Excessive screen use is significantly associated with heterophoria and reduced convergence function. Female gender and specific refractive errors are risk factors for esophoria. These findings underscore the need for preventive measures, including visual hygiene education and early screening, to mitigate long-term binocular vision complications.

Introduction
The integration of digital devices into daily life has become ubiquitous, with children and young adults increasingly dependent on screens for both education and recreation. About 98% of adolescents (10–19 years) use social media/internet on mobile devices, with a mean screen time of 3.89 (±2.77) hours/day (1). A 2023 study by Hedderson reported that children (4–12 years) averaged 4.4 h/day on recreational screens pre-pandemic, which increased by 1.75 h in the initial phase and 1.11 h in the later phase (2). A study reported electronic gadget use in 95.6% of participants, with 28.6% using them for more than two hours daily (3). This increased exposure has significant implications for visual health, contributing to the development of Digital Eye Strain (DES). According to Audrey et al., blue light from LED screens induces photochemical damage to the cornea, lens, and retina (4). Digital Eye Syndrome (DES) involves tear film instability causing ocular surface damage, leading to symptoms like dry eyes, epiphora, and irritation (5).DES is characterized by a range of ocular and visual symptoms, including asthenopia, dry eyes, and irritation, stemming from tear film instability and vergence-accommodation stress. It was also reported that a 50–60% prevalence of DES in children, with associated esotropia and vergence abnormalities (6). A concerning manifestation of this strain is the development of binocular vision anomalies, particularly heterophoria—a latent misalignment of the visual axes that is controlled by fusional vergence mechanisms. Phoria is a latent ocular deviation controlled by fusion, becoming apparent when fusion is disrupted (7). As stated by Gunton et al, esotropia or strabismus can be defined as a misalignment of the visual axes of the two eyes and can also be referred to as squint (8). When compensatory mechanisms are overwhelmed, typically by prolonged near work, esophoria (latent inward deviation) or exophoria (latent outward deviation) can become symptomatic, leading to visual discomfort, diplopia, and headaches. Esophoria is the inward, and exophoria the outward, deviation of the eyeball from the anterior–posterior axis (9). Smartphones are typically viewed at short distances (≈36 cm texting, 32 cm browsing), inducing convergence, pupil constriction, and accommodation, which in turn affect vergence and ocular alignment (10). While the link between screen time and DES is established, its specific association with measurable changes in heterophoria magnitude and vergence function is less defined. This study aims to quantify this relationship by evaluating heterophoria, NPC, and NPA in children and young adults with high screen time exposure, identifying key demographic and refractive risk factors.
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Figure 1: Pie chart illustrating the types of digital devices used and their respective percentages (smartphones: 48%, laptops: 25%, tablets: 15%, other: 12%). This figure highlights the predominance of smartphones, a key factor in screen time exposure, showing the percentage distribution of digital devices used by study participants.
Methods
This retrospective cross-sectional study was conducted at the Department of Ophthalmology, Jawaharlal Nehru Medical College, Aligarh Muslim University, India. After obtaining ethical approval, data from 40 patients aged 5-30 years was analyzed. Patients were included if they had a best-corrected visual acuity of 6/9 or better and were diagnosed with heterophoria. Exclusion criteria included manifest strabismus, amblyopia, history of ocular surgery, or any ocular pathology affecting binocular vision.
All participants underwent a comprehensive orthoptic workup. The alternate cover test was used for qualitative assessment. Quantitative measurement of near and distance phoria was performed using the Maddox Wing and Maddox Rod test, respectively, and recorded in prism diopters (PD). The near point of convergence (NPC) and near point of accommodation (NPA) were measured using the Royal Air Force (RAF) Rule. Objective and subjective refraction were performed to diagnose myopia and astigmatism. A structured questionnaire was administered to collect data on daily screen time usage and types of digital devices used.
Results
The study included 40 participants, with 30 diagnosed with exophoria and 10 with esophoria, reflecting a diverse age range from 5 to 30 years, with a mean age of 18.2 ± 6.1 years. The cohort exhibited a notable gender imbalance, with females comprising 62.5% (n=25) of the total participants, a distribution that varied significantly between phoria types. The average daily screen time across all participants was 5.1 ± 2.3 hours, with no significant difference observed between the exophoria group (5.3 ± 2.4 hours) and the esophoria group (4.6 ± 1.9 hours). This consistency in screen time exposure highlights the broad impact of digital device use across both groups, though the predominance of smartphone use as the primary device (reported by 48% of participants) suggests a specific focus on near-work demands.
Table 1: Sociodemographic and clinical profile of study participants
	Variable
	Total (n=40)
	Exophoria (n=30)
	Esophoria (n=10)
	p-value

	Age (years), Mean ± SD
	18.2 ± 6.1
	19.1 ± 5.8
	15.4 ± 6.3
	0.09

	Gender, n (%)
	
	
	
	

	Female
	25 (62.5)
	16 (53.3)
	8 (80.0)
	0.04

	Male
	15 (37.5)
	14 (46.7)
	2 (20.0)
	

	Screen Time (hours), Mean ± SD
	5.1 ± 2.3
	5.3 ± 2.4
	4.6 ± 1.9
	0.38


This table summarizes the demographic and clinical characteristics of the study participants. The significant difference in gender distribution (p=0.04) indicates a higher proportion of females in the esophoria group, suggesting a potential gender-specific vulnerability. 
Binary logistic regression analysis revealed that female gender was a significant predictor of esophoria, with an odds ratio of 3.1 (95% CI: 1.2–8.0, p=0.02), indicating a threefold increased risk compared to males. This finding suggests a potential gender-specific vulnerability to convergence-related issues, possibly influenced by hormonal or anatomical factors. Screen time exceeding 5 hours per day showed a trend toward increased risk of esophoria (OR=2.4, 95% CI: 0.9–6.3, p=0.08), though this did not reach statistical significance, possibly due to the small sample size in the esophoria group. Myopia as a predictor showed no significant association (OR=1.8, 95% CI: 0.7–4.9, p=0.24), suggesting that while it may contribute, its role requires further exploration with a larger cohort.
Table 2: Odds ratios for predictors of esophoria
	Predictor
	Odds Ratio (95% CI)
	p-value

	Female Gender
	3.1 (1.2 - 8.0)
	0.02

	Screen Time (>5 hrs/day)
	2.4 (0.9 - 6.3)
	0.08

	Myopia
	1.8 (0.7 - 4.9)
	0.24


This table presents the odds ratios for predictors of esophoria, with female gender showing statistical significance (p=0.02), indicating its strong association with esophoria development.
Clinical measurements revealed distinct patterns between phoria types. The mean near phoria was 11.0 ± 4.2 PD in the exophoria group and 12.6 ± 2.8 PD in the esophoria group, a difference that was not statistically significant (p=0.25). Similarly, distance phoria showed a non-significant variation, with 8.0 ± 3.5 PD in exophoria and 9.2 ± 1.9 PD in esophoria (p=0.32). However, significant differences emerged in vergence and accommodation functions. The near point of convergence (NPC) was significantly worse (closer) in the esophoria group (7.6 ± 1.1 cm) compared to the exophoria group (9.8 ± 2.1 cm, p=0.003), indicating potential convergence insufficiency that could contribute to visual discomfort during prolonged near work. Likewise, the near point of accommodation (NPA) was worse in the esophoria group (8.2 ± 1.3 cm vs. 10.3 ± 2.3 cm, p=0.02), suggesting a broader impact on accommodative capacity that may exacerbate symptoms.

Table 3: Clinical characteristics by phoria type
	Variable
	Total (n=40)
	Exophoria (n=30)
	Esophoria (n=10)
	p-value

	Near PD (Δ), Mean ± SD
	11.4 ± 3.9
	11.0 ± 4.2
	12.6 ± 2.8
	0.25

	Distance PD (Δ), Mean ± SD
	8.4 ± 3.2
	8.0 ± 3.5
	9.2 ± 1.9
	0.32

	NPC (cm), Mean ± SD
	9.2 ± 2.1
	9.8 ± 2.1
	7.6 ± 1.1
	0.003

	NPA (cm), Mean ± SD
	9.7 ± 2.3
	10.3 ± 2.3
	8.2 ± 1.3
	0.02


This table compares clinical measures across phoria types, with significant differences in NPC (p=0.003) and NPA (p=0.02), reflecting the impact of esophoria on convergence and accommodation functions. PD stands for Prism Diopters, NPC for Near Point of Convergence, and NPA for Near Point of Accommodation.
Correlation analyses revealed several significant relationships. Screen time demonstrated a positive correlation with the magnitude of near phoria (r=0.32, p=0.04), indicating that longer screen use was associated with a larger phoric deviation, potentially reflecting increased accommodative stress over time. A significant negative correlation was found between screen time and NPC (r=-0.41, p=0.008), suggesting that increased screen time is associated with reduced convergence ability, a critical factor in maintaining binocular vision stability. A very strong positive correlation was observed between NPC and NPA (r=0.67, p<0.001), highlighting the interdependence of these visual functions and their joint susceptibility to near-work demands.
Table 4: Correlation analysis of screen time, near PD, and NPC
	Variables
	Correlation Coefficient (r)
	p-value

	Screen Time vs. Near PD
	0.32
	0.04

	Screen Time vs. NPC
	-0.41
	0.008

	NPC vs. NPA
	0.67
	<0.001


This table shows the correlation coefficients, with significant relationships between screen time and both near PD (p=0.04) and NPC (p=0.008), emphasizing the impact of screen exposure on visual function.
The distribution of refractive errors differed significantly between phoria types. Myopia was more prevalent in the esophoria group (70.0%) compared to the exophoria group (33.3%, p=0.04), suggesting a potential link between myopic refractive error and inward eye deviation that may strain accommodative mechanisms. Conversely, astigmatism was more frequent in the exophoria group (66.7%) than in the esophoria group (30.0%, p=0.04), indicating a possible association with outward deviation potentially due to visual blur from uncorrected astigmatism. Hypermetropia was not detected in any participant, reinforcing the focus on myopia and astigmatism as relevant factors in this cohort.
Table 5: Refractive errors by phoria type
	Refractive Error
	Exophoria (n=30)
	Esophoria (n=10)
	p-value

	Myopia, n (%)
	10 (33.3)
	7 (70.0)
	0.04

	Astigmatism, n (%)
	20 (66.7)
	3 (30.0)
	0.04

	Hypermetropia, n (%)
	0 (0)
	0 (0)
	-


This table shows the distribution of refractive errors by phoria type, with significant differences for both myopia and astigmatism (p=0.04), highlighting their association with specific phoria types. 
A linear regression model was constructed to predict the magnitude of near phoria. The results indicated that screen time was a significant predictor, with each additional hour of daily screen time increasing near phoria by 0.5 prism diopters (β=0.5, 95% CI: 0.1–0.9, p=0.01). This finding highlights the cumulative effect of prolonged screen exposure on phoria magnitude, likely due to sustained accommodative effort. Age, however, was not a significant predictor in this model (β=0.3, 95% CI: -0.1–0.7, p=0.12), suggesting that screen exposure duration has a more direct impact on phoria magnitude than age-related factors within this age range.
Table 6: Regression analysis for near PD
	Predictor
	β coefficient (95% CI)
	p-value

	Screen Time
	0.5 (0.1 - 0.9)
	0.01

	Age
	0.3 (-0.1 - 0.7)
	0.12


This table shows the predictors of near PD, with screen time being statistically significant (p=0.01), indicating its role in influencing phoria magnitude.

Discussion
This study demonstrates a clear association between excessive screen time and binocular vision anomalies, particularly heterophoria, in a young population. The negative correlation between screen time and NPC suggests that prolonged near work on digital devices impairs convergence ability, likely due to sustained demand on the accommodative-convergence system, leading to fatigue and decompensation of fusional vergence reserves. The positive correlation with near phoria further supports the notion that extended screen exposure exacerbates latent eye deviations.
The association of esophoria with shorter NPC may indicate convergence excess, potentially as a response to excessive accommodative demand. This contrasts with convergence insufficiency often seen in exophoria, where outward deviation may result from reduced fusional reserves. The increased prevalence of myopia in esophoria and astigmatism in exophoria suggests different mechanistic pathways. Myopia may predispose to esophoria due to a high accommodative convergence to accommodation (AC/A) ratio, placing additional strain on the visual system. In contrast, astigmatism may lead to exophoria via accommodation relaxation, as uncorrected astigmatic blur reduces the drive for convergence.
The predominance of females in esophoria aligns with studies suggesting a higher prevalence of convergence excess in young women, possibly due to hormonal influences or differences in visual processing. The significant gender effect (OR=3.1) underscores the need to consider sex-specific factors in future research.
Limitations include the retrospective design, small sample size (especially esophoria, n=10), and self-reported screen time subject to recall bias. The absence of a control group limits causal inference, and the lack of longitudinal data prevents assessment of progression. Future prospective studies with larger cohorts, objective screen time metrics, and a control group are recommended to validate these findings and explore causal relationships.
DES is an emerging public health concern, driven by increasing dependence on digital screens. It was deduced in a study that the prevalence of digital eye strain was 94.3% and eye strain was the most common digital eye strain symptom (62.6%), followed by tiredness of eyes (50.29%) (11).  In a study conducted at King Khalid University, it was deduced that among the various symptoms of DES, asthenopia had the highest prevalence at 30.5%, followed by conjunctivitis at 9.4%, squint 3.9%, glaucoma 1.6%, and cataract had lowest prevalence rate of 1.6% (12). 

Preventive measures
DES symptoms are broadly categorized as external (dry eye–related) and internal (linked to ametropia, accommodation, or vergence problems)(13).  Prolonged near work on digital devices disrupts natural focusing mechanisms, contributing to muscle imbalance and strabismus.Accommodation and vergence are normally balanced, but their disruption can cause fatigue, eye strain, vergence–accommodation disparity, impaired fusion, and phoria development (14).  Eye strain is associated with accommodative and vergence issues like exophoria, convergence insufficiency, reduced fusional convergence, low accommodative amplitude, and transient myopic shift (15). Preventive strategies include the 20-20-20 rule—looking 20 feet away for 20 seconds every 20 minutes of screen time (16), and regular outdoor activity, which reduces myopia risk through natural light exposure (17). The Government of India also recommends limiting screen exposure: 30 minutes daily for pre-primary, two 45-minute sessions for classes 1–8, and four 45-minute sessions for classes 9–12 (3). Evidence-based management includes refractive error correction, vergence and accommodative therapy, blinking exercises, lubricating drops, comfort-enhanced contact lenses, and monitor filter glasses (18). Complementary measures such as proper ergonomics, appropriate eyewear, and regular eye examinations are essential to mitigate DES, prevent strabismus, and protect long-term visual health.Poor posture can contribute to ocular misalignment, and esodeviation has been shown to improve after one month of refraining from smartphone use (19).

Conclusions
Excessive screen use is significantly associated with heterophoria and reduced convergence function. Female gender and specific refractive errors, such as myopia for esophoria and astigmatism for exophoria, are identified as risk factors. These findings highlight the importance of early screening, visual hygiene education, and interventions like regular breaks and ergonomic adjustments to mitigate long-term binocular vision complications in this population.
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