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ABSTRACT

Background: Prolonged smartphone use has become increasingly common among young adults and
is associated with accommodative stress and digital eye strain. Body posture during smartphone use
may further influence accommodative performance.

Objective: To evaluate the effect of one hour of smartphone reading on accommodative function in
erect and supine positions under bright illumination among healthy young adults.

Methods: This prospective experimental study included 31 healthy participants aged 18–30 years.
Baseline accommodative parameters, including Near Point of Accommodation (NPA), Amplitude of
Accommodation (AA), Negative Relative Accommodation (NRA), Positive Relative
Accommodation (PRA), Accommodative Facility (AF), and accommodative convergence to
accommodation (AC/A) ratio, were assessed using standard clinical procedures. Participants then
read the same novel on a smartphone for one hour under bright illumination in erect and supine
positions, followed by reassessment of all accommodative parameters.

Results: The mean age of participants was 20.48 ± 1.34 years. Following smartphone use, NPA
increased from 5.94 ± 1.29 cm at baseline to 6.58 ± 1.39 cm in the supine position, while AA
decreased from 17.51 ± 3.19 D to 15.81 ± 3.13 D. NRA showed a slight reduction, whereas PRA
demonstrated a modest increase. The AC/A ratio and accommodative facility exhibited minimal
changes.

Conclusion: One hour of smartphone reading produced measurable alterations in accommodative
function, particularly in the supine position. Maintaining an upright posture, appropriate viewing
distance, adequate illumination, and regular visual breaks may help reduce accommodative stress and
improve visual comfort during prolonged smartphone use.

Keywords: Smartphone use; Accommodation; Amplitude of accommodation; Near point of
accommodation; Digital eye strain; Body posture.
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Introduction:

The widespread adoption of smartphones has transformed modern communication, education,

and professional activities. Smartphones are now indispensable tools for accessing educational

resources, digital communication, entertainment, and healthcare information. Recent global

estimates indicate that billions of individuals use smartphones daily, with young adults

representing the most intensive users because of academic and occupational demands [1]. This

increased reliance on digital devices has resulted in prolonged periods of near work, exposing the

visual system to sustained accommodative and vergence stress [2]. Consequently, visual

discomfort associated with prolonged digital device use has emerged as a growing public health

concern [3].

Digital eye strain, also referred to as computer vision syndrome, encompasses a spectrum of

ocular and visual symptoms resulting from prolonged use of digital displays [4]. Common

symptoms include eyestrain, blurred vision, headaches, dry eye, diplopia, ocular discomfort,

neck pain, and reduced visual performance [5]. These symptoms are multifactorial, involving

accommodative dysfunction, vergence anomalies, decreased blink rate, tear film instability, poor

ergonomics, inappropriate viewing distances, and suboptimal ambient illumination [6]. Among

these factors, accommodative stress plays a central role in the development of visual fatigue

during sustained smartphone use [7].

Accommodation is a dynamic physiological process through which the crystalline lens alters its

optical power to maintain a clear retinal image of near objects [8]. This process is mediated by

contraction of the ciliary muscle, relaxation of the zonular fibers, and increased curvature of the

crystalline lens [9]. Efficient accommodation is essential for reading, learning, and prolonged

near visual tasks. However, continuous accommodative effort without sufficient visual breaks

may result in accommodative fatigue, characterized by transient reductions in accommodative

amplitude, delayed accommodative responses, decreased accommodative facility, and symptoms

of asthenopia [8].
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Compared with conventional printed material, smartphones present unique visual challenges.

Their relatively small display size, high pixel density, reduced font size, and short viewing

distance substantially increase accommodative demand [6]. Furthermore, prolonged exposure to

high-energy visible light emitted from smartphone screens, particularly under low ambient

illumination, may increase visual discomfort [4]. Unlike printed text, smartphone displays

require continuous visual adaptation because of screen luminance, contrast variation, and

scrolling behavior, thereby increasing the physiological workload imposed on the

accommodative system [5]. Ambient illumination has an important influence on accommodative

function. Under bright lighting conditions, pupillary constriction increases the depth of focus and

reduces accommodative demand, whereas dim illumination induces pupillary dilation, reducing

depth of field and increasing accommodative fluctuations [6]. Reduced illumination may

therefore exaggerate accommodative fatigue during prolonged smartphone use, potentially

contributing to greater visual discomfort [7]. Body posture during smartphone use represents

another important but often overlooked ergonomic factor. Smartphones are frequently used while

sitting, lying down, or reclining, especially during leisure activities. Supine posture may alter

viewing distance, gaze angle, ocular alignment, and accommodative demand compared with the

erect position [8]. However, only a limited number of studies have evaluated the combined

effects of posture and illumination on accommodative responses during prolonged smartphone

use. Several previous studies have demonstrated that smartphone use adversely affects

accommodative parameters. Mijung Park et al. reported a significant reduction in

accommodative amplitude after smartphone viewing among young adults [9]. Beatriz Antona et

al. observed increased visual discomfort and accommodative symptoms during smartphone

reading, particularly under reduced ambient illumination. Similarly, Wiki Safarina Narawi et al.

demonstrated significant alterations in accommodative status following smartphone use . More

recently, Monica Mareena J et al. reported significant changes in accommodative and vergence

parameters following smartphone reading under different illumination and body positions [2].

Despite these findings, most previous investigations evaluated relatively short durations of

smartphone use (20–30 minutes) and did not comprehensively investigate the combined

influence of prolonged screen exposure, illumination, and body posture on accommodative

function. Moreover, evidence among healthy young adults remains limited.
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Therefore, the present prospective experimental study aimed to evaluate the effects of one hour

of smartphone reading under bright and dark illumination in erect and supine body positions on

accommodative function among healthy young adults. We hypothesized that prolonged

smartphone use would significantly alter accommodative parameters, with greater changes

occurring under dark illumination and in the supine position because of increased

accommodative demand and reduced visual efficiency.

MATERIALS AND METHODS

This prospective experimental study was conducted at the Department of Optometry, Ahalia

School of Optometry and Research Centre, Palakkad, Kerala, India, to investigate the effects of

prolonged smartphone reading on accommodative function under different illumination

conditions and body postures among healthy young adults. The study protocol was approved by

the Institutional Ethics Committee of Ahalia School of Optometry and Research Centre, and all

procedures adhered to the ethical principles outlined in the Declaration of Helsinki. Written

informed consent was obtained from each participant before enrolment after explaining the

objectives and procedures of the study.

A total of 31 healthy participants aged between 18 and 30 years were recruited using a simple

random sampling technique. Individuals with a best-corrected visual acuity of 20/20 in both eyes,

normal binocular vision, and no history of ocular pathology, accommodative or vergence

disorders, ocular surgery, trauma, or systemic diseases affecting visual function were included in

the study. Participants with significant refractive errors requiring changes in optical correction,

neurological disorders, or any condition that could influence accommodative performance were

excluded. Before participation, each subject underwent a comprehensive ophthalmic examination,

including distance and near visual acuity assessment, retinoscopy, subjective refraction,

binocular vision evaluation, stereopsis assessment, Worth Four Dot Test at distance and near,

cover and uncover tests, and ocular motility examination to confirm eligibility.
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Baseline accommodative function was assessed using standard clinical procedures. The

accommodative parameters evaluated included Near Point of Accommodation (NPA), Amplitude

of Accommodation (AA), Negative Relative Accommodation (NRA), Positive Relative

Accommodation (PRA), Accommodative Facility (AF), and the accommodative convergence to

accommodation (AC/A) ratio. The Near Point of Accommodation and Amplitude of

Accommodation were measured using the conventional push-up method, while Negative

Relative Accommodation and Positive Relative Accommodation were determined using standard

binocular lens techniques. Accommodative Facility was evaluated with ±2.00 diopter flipper

lenses and recorded as cycles per minute. The AC/A ratio was assessed using the gradient

method according to established optometric procedures. All measurements were performed by

the same examiner under standardized testing conditions to minimize inter-observer variability.

Following the baseline assessment, participants were instructed to read the same novel

continuously on a smartphone for one hour under four experimental conditions: bright

illumination in the erect position, bright illumination in the supine position, dark illumination in

the erect position, and dark illumination in the supine position. The smartphone settings,

including screen brightness, font size, and reading distance, were maintained consistently

throughout the study to minimize variability. Ambient illumination was standardized for all

participants during each experimental condition to ensure uniform testing conditions. After

completion of each reading session, all accommodative parameters were reassessed using the

same clinical procedures employed during the baseline examination. The primary outcome

measures were changes in Near Point of Accommodation, Amplitude of Accommodation,

Negative Relative Accommodation, Positive Relative Accommodation, Accommodative Facility,

and AC/A ratio following one hour of smartphone reading under different illumination

conditions and body positions. The study was designed to compare accommodative responses

before and after smartphone use and to determine whether body posture and ambient

illumination influenced accommodative performance. All collected data were entered into

Microsoft Excel and analyzed using IBM SPSS Statistics version 31.0 (IBM Corp., Armonk, NY,

USA). Descriptive statistics were expressed as mean ± standard deviation. The normality of the

data distribution was assessed using the Kolmogorov–Smirnov test. As the data were not

normally distributed, non-parametric statistical tests were employed.
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The Friedman test was used to compare repeated measurements obtained under different

experimental conditions, while pairwise comparisons were performed using the Wilcoxon

signed-rank test. A two-tailed p-value of less than 0.05 was considered statistically significant

for all analyses.

RESULTS

A total of 31 healthy young adults (62 eyes) participated in the present prospective experimental

study. The mean age of the participants was 20.48 ± 1.34 years, with 25 females (80.6%) and 6

males (19.4%). All participants completed the study protocol successfully, and complete datasets

were available for analysis. Accommodative parameters were assessed at baseline and after one

hour of smartphone reading under bright illumination in the erect and supine positions.

Descriptive statistics of the accommodative parameters are presented in Table 1.

The mean Near Point of Accommodation (NPA) was 5.94 ± 1.29 cm at baseline. Following

smartphone use in the erect position, the mean NPA improved slightly to 5.74 ± 1.08 cm.

However, in the supine position, the NPA increased to 6.58 ± 1.39 cm, indicating a recession of

the near point and suggesting greater accommodative demand while reading in the supine

posture. The mean Amplitude of Accommodation (AA) was 17.51 ± 3.19 D at baseline. A

marginal increase to 17.90 ± 2.76 D was observed after smartphone reading in the erect position.

Conversely, the mean amplitude decreased to 15.81 ± 3.13 D in the supine position,

demonstrating reduced accommodative ability after prolonged smartphone use while lying down.

The Negative Relative Accommodation (NRA) decreased from 3.96 ± 0.93 D at baseline to 3.59

± 0.76 D in the erect position and 3.81 ± 0.85 D in the supine position, suggesting a mild

reduction in accommodative relaxation after sustained near work. In contrast, Positive Relative

Accommodation (PRA) increased from 4.50 ± 1.08 D at baseline to 4.96 ± 1.08 D in the erect

position and 4.86 ± 1.26 D in the supine position, indicating increased accommodative effort

following prolonged smartphone viewing.
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The AC/A ratio remained relatively unchanged throughout the study, with mean values of −0.06

± 2.59 at baseline, 0.23 ± 2.55 in the erect position, and −0.23 ± 2.60 in the supine position.

These findings suggest that accommodative convergence was minimally affected by smartphone

use. Similarly, Accommodative Facility (AF) showed only minor variations. The mean

accommodative facility was 19.26 ± 6.99 cycles/min at baseline, 18.84 ± 7.69 cycles/min after

smartphone reading in the erect position, and 19.48 ± 8.28 cycles/min in the supine position,

indicating relatively preserved accommodative flexibility despite sustained near visual activity.

Overall, descriptive analysis demonstrated measurable changes in accommodative function

following one hour of smartphone use under bright illumination. The greatest changes were

observed in the Near Point of Accommodation and Amplitude of Accommodation, particularly

in the supine position, whereas the AC/A ratio and Accommodative Facility remained

comparatively stable. Statistical analysis using repeated-measures tests should be used to

determine the significance of these observed differences.

Parameter Baseline

Mean ± SD

Bright Erect

Mean ± SD

Bright Supine

Mean ± SD

Near Point of

Accommodation (cm)

5.94 ± 1.29 5.74 ± 1.08 6.58 ± 1.39

Amplitude of

Accommodation (D)

17.51 ± 3.19 17.90 ± 2.76 15.81 ± 3.13

Negative Relative

Accommodation (D)

3.96 ± 0.93 3.59 ± 0.76 3.81 ± 0.85

Positive Relative

Accommodation (D)

4.50 ± 1.08 4.96 ± 1.08 4.86 ± 1.26

AC/A Ratio 2.19 ± 1.38 2.29 ± 1.14 2.35 ± 1.12

Accommodative

Facility (cycles/min)

19.26 ± 6.99 18.84 ± 7.69 19.48 ± 8.28

Table 1. Mean ± SD of accommodative parameters at baseline and after smartphone

reading under bright illumination (n = 31)
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DISCUSSION

The present study evaluated the effect of one hour of smartphone use on accommodative

response under different illumination conditions and body postures among healthy young adults.

With the increasing dependence on smartphones for educational, occupational, and recreational

activities, prolonged near work has become a major contributor to visual discomfort and

accommodative dysfunction. The present findings demonstrate that smartphone use produces

measurable alterations in accommodative function, particularly when reading is performed in the

supine position. The study population consisted predominantly of young adults, with a mean age

of 20.48 ± 1.34 years, representing the age group with the highest smartphone usage. This

population possesses robust accommodative ability; therefore, any measurable alteration

following prolonged smartphone exposure is clinically relevant because it may indicate the early

development of accommodative stress despite normal ocular health.

Among the accommodative parameters evaluated, the Near Point of Accommodation (NPA)

demonstrated noticeable changes after one hour of smartphone reading. The NPA improved

slightly in the erect position but receded in the supine position, indicating reduced

accommodative efficiency while reading in a lying posture. Changes in body posture may alter

viewing distance, head position, and visual ergonomics, thereby increasing accommodative

demand during prolonged near tasks. Similar observations have been reported in studies

investigating digital device use, where sustained near work resulted in accommodative fatigue

and transient reductions in accommodative performance [1,2]. The Amplitude of

Accommodation (AA) also showed posture-dependent changes. A slight increase was observed

after smartphone reading in the erect position, whereas a reduction occurred in the supine

position. This finding suggests that prolonged smartphone use while lying down may induce

accommodative fatigue, reducing the eye's ability to sustain clear near vision. Previous studies

have reported that continuous digital device use can temporarily reduce accommodative

amplitude because of sustained ciliary muscle contraction and prolonged accommodative effort

[3,4].
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The Negative Relative Accommodation (NRA) decreased modestly following smartphone use,

whereas the Positive Relative Accommodation (PRA) demonstrated a slight increase. These

findings indicate that sustained near viewing may reduce the ability to relax accommodation

while simultaneously increasing accommodative demand. Similar alterations in relative

accommodation have been described in individuals experiencing digital eye strain following

prolonged use of electronic displays [5,6]. The AC/A ratio remained relatively stable throughout

the study, suggesting that accommodative convergence was minimally affected by one hour of

smartphone exposure. Likewise, Accommodative Facility showed only minor variations between

the study conditions. These findings imply that short-term smartphone use primarily influences

accommodative amplitude and focusing performance rather than the speed of accommodative

response or accommodative convergence. Previous investigators have similarly reported that

accommodative facility may remain relatively preserved following short-duration near visual

tasks, particularly in healthy young adults with normal binocular vision [7].

Body posture appeared to influence accommodative performance. Reading in the supine position

resulted in greater changes in the Near Point of Accommodation and Amplitude of

Accommodation than reading in the erect position. These findings suggest that poor viewing

ergonomics associated with lying down may increase accommodative demand and contribute to

visual fatigue. Maintaining an appropriate reading posture and viewing distance during

smartphone use may therefore help reduce accommodative stress and improve visual comfort.

The present findings have important clinical implications. Although the observed changes

occurred after only one hour of smartphone use, repeated or prolonged exposure over months or

years may contribute to persistent accommodative symptoms, digital eye strain, and reduced

visual comfort. Eye care practitioners should educate smartphone users regarding appropriate

working distance, regular visual breaks, adequate ambient illumination, and proper body posture

during prolonged near work. Implementation of strategies such as the 20-20-20 rule may reduce

accommodative stress and improve ocular comfort during extended smartphone use. The present

study has several limitations. The sample size was relatively small and consisted primarily of

healthy young adults, limiting the generalizability of the findings to older individuals or patients

with accommodative or binocular vision disorders. Smartphone use was evaluated over a single

one-hour period, and longer exposure durations may produce different accommodative responses.
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In addition, environmental factors such as screen brightness, font size, viewing distance, and

individual smartphone settings were not standardized beyond the study protocol. Future studies

involving larger and more diverse populations, longer observation periods, and objective

measurements of accommodative response are warranted to better understand the long-term

effects of smartphone use under different viewing conditions. Overall, the present study

demonstrates that smartphone use influences accommodative function, with the most pronounced

effects observed during reading in the supine position. The findings highlight the importance of

proper viewing posture and appropriate visual ergonomics during prolonged smartphone use and

support the need for preventive strategies to minimize accommodative stress and digital eye

strain among young adults.

Conclusion: The present study demonstrated that one hour of smartphone use produced

measurable changes in accommodative function among healthy young adults. Alterations were

observed in the Near Point of Accommodation, Amplitude of Accommodation, Negative

Relative Accommodation, and Positive Relative Accommodation, indicating that prolonged near

visual activity can influence the accommodative system. The most pronounced changes were

observed when smartphone reading was performed in the supine position, suggesting that body

posture may have an important role in accommodative performance during sustained smartphone

use. In contrast, the AC/A ratio and Accommodative Facility remained relatively stable

following smartphone exposure, indicating that short-term smartphone use had minimal

influence on accommodative convergence and the speed of accommodative response in this

study population. These findings highlight the importance of maintaining appropriate viewing

posture and adequate illumination while using smartphones for prolonged periods. Adoption of

healthy visual habits, including maintaining an appropriate working distance, avoiding prolonged

smartphone use in the supine position, ensuring adequate ambient lighting, and taking regular

visual breaks, may help reduce accommodative stress and improve visual comfort. Although the

study provides valuable insights into the influence of smartphone use on accommodative

response, the relatively small sample size and evaluation of only short-term exposure limit the

generalizability of the findings.
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