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Abstract: Background: This study aims to evaluate subjective visual fatigue and objective
optical and morphological changes in ocular structures after intermediate-duration reading
on an iPad and an Ebook across different age groups. Methods: The sample included
108 right eyes from healthy subjects aged 18 to 66 years. The participants read for 20 min
on an Ebook and another 20 min on an iPad under controlled illumination conditions.
Aberrometry and retinal optical coherence tomography (OCT) measurements were taken
before and after each reading session. Parameters such as total aberration, high-order
aberration (HOA), low-order aberration (LOA), and retinal thickness in the nine Early
Treatment Diabetic Retinopathy Study (ETDRS) areas were measured. The sample was
analyzed as a whole and divided into five age groups by decade. Results: This study
included 66 women (61.11%) and 42 men (38.89%), with an average age of 36.58 years
(£14.83). The aberrometry results revealed significant differences in the total root mean
square (RMStotal) after reading on both devices (p = 0.001). Low-order aberrations
(RMSy04a) also changed significantly (p = 0.001 for Ebook, p = 0.002 for the iPad), but
high-order aberrations (RMSppa) did not. Central retinal thickness increased significantly
after reading on the Ebook (p < 0.001) but not on the iPad. The peripheral retinal thickness
did not change significantly. Conclusion: Moderate-duration reading increases LOA and
central retinal thickness, with variations by age group and more pronounced effects from
the Ebook, whereas HOA remains unaffected.

Keywords: aberrometry; visual fatigue; optical changes; optical coherence tomography;
morphological changes; moderate-duration reading; retinal thickness; ETDRS grid; age groups

1. Introduction

Accommodation in the human visual system refers to the ability of the eyes to adjust
and focus on objects at varying distances quickly, ensuring that the object is sharply focused
on the retina [1]. The accommodation triad, which consists of accommodative response,
miosis, and convergence [2], is a crucial set of visual functions involved in this process.
These elements include adjusting the lens’s radii via the ciliary body and zonules, pupil
contraction and dilation through the iris muscles, and the action of extraocular muscles, all
of which contribute to accommodation [3]. However, this capacity of the eyeball decreases
with age, leading to the development of presbyopia around the age of 45 [4].
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One of the most widely used instruments for objectively measuring aberrometric
changes in the anterior pole during accommodation is the Hartmann-Shack aberrometer,
which is known for its high repeatability in assessing optical aberrations of the human
eye [5]. As previously described, this instrument was used to measure both high- and
low-order aberrations (HOA and LOA, respectively), as well as Zernike coefficients during
the accommodation process [6-12].

There are two main categories of electronic reading devices: Ebook readers, which
mimic printed books, and liquid crystal display (LCD) screens, such as those on iPads
or tablets. LCD screens may cause more visual fatigue (VF) or eye strain than paper or
electronic ink screens, which can lead to pupil constriction and a reduced blink rate [13].
Despite these drawbacks, a key advantage of these technologies is the ability to customize
font type and size, screen brightness, and background color [13].

Several studies have analyzed how factors, such as ambient lighting, contrast, and
luminance differences between background and text, affect visual comfort when reading
on electronic devices [14-16]. Other studies have specifically examined optimal ambient
lighting conditions, establishing that a minimum illumination of 200 lux is necessary for a
comfortable and enjoyable reading experience [17,18]. Conversely, electronic ink devices,
which lack backlighting, require higher ambient lighting (ideally above 700 lux) for effective
readability [19]. Recently, optical coherence tomography (OCT) has revealed changes in
retinal structure associated with age-related accommodation [20]. These changes may also
manifest during moderate-duration reading on various devices, influenced by both lighting
conditions and induced accommodation while reading [21].

The literature indicates that reading speed generally increases with age but can be
affected by visual discomfort from factors related to aging, such as extended reading
periods, poor lighting conditions, or challenging text [22,23]. Therefore, it is important to
emphasize reading at an early age to achieve high reading fluency and comprehension [24].
Previous research using eye trackers and aberrometers to assess reading speed and visual
discomfort on electronic devices has mainly focused on young subjects during moderate-
duration reading [25]. However, there is a notable gap in research on the inclusion of
diverse age groups.

Most previous studies on digital reading have focused on young populations and short-
term tasks, leaving a gap in the understanding of age-related effects. This study addresses
this gap by including participants aged 18 to 66 years and examining both VF and changes
in ocular structures, such as aberrations and retinal thickness, providing novel insights
into the impact of moderate-duration reading on ocular health. This study hypothesized
that age-related differences in accommodative capacity and retinal changes may lead to
varied ocular responses, with younger participants showing more transient fluctuations
and older individuals experiencing more persistent alterations. By stratifying the analysis
across five age groups, this study aims to provide a comprehensive understanding of how
digital reading affects ocular health across the lifespan.

Therefore, this study aims to evaluate subjective VF and objective optical and struc-
tural changes in the eyes after moderate-duration reading on iPads and Ebook devices. It
analyzes aberrometric changes in LOAs, HOAs, Zernike coefficients, and retinal thickness
in the ETDRS grid across different age groups. Moreover, the study investigated whether
prolonged reading under controlled conditions causes temporary changes in ocular aberra-
tions and retinal thickness. Although the eye is expected to return to its baseline state after
accommodation, prolonged reading may result in VF or lingering accommodation, leading
to subtle but significant changes in aberrations. These effects could impact long-term visual
comfort and ocular health, especially for frequent electronic device users. The study also
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hypothesized that sustained reading might induce micro-changes in retinal thickness due
to prolonged accommodative effort.

2. Materials and Methods
2.1. Sample Description and Selection

The sample included 108 right eyes (REs) from healthy subjects aged 18 to 66 years.
The study, conducted at the University of Zaragoza (Spain), was approved by the Clinical
Research Ethics Committee of Aragon (CEICA; PI23-479) and followed the principles of the
Declaration of Helsinki. All participants received detailed study information and signed
informed consent forms.

The inclusion criteria for participants were no binocular dysfunctions, visual acuity
(VA) greater than 0.8 decimal in each eye with the best refractive correction, no pathologies
affecting vision or media opacification, and no refractive correction with a multifocal in-
traocular lens (IOL) following cataract or refractive surgery. The participants also needed
to avoid the use of electronic devices one hour before measurements, recent coffee con-
sumption, smoking, high-intensity sports, and attend tests with their optical correction for
distance vision (DV). Presbyopes were not allowed to use reading glasses, ensuring that
VF analysis was consistent within their age group, and achieved maximum accommoda-
tive stimulation to obtain the most reliable optical and morphological measurements via
aberrometry and OCT.

The 108 participants were categorized into five age groups: Group 1 (G1) aged
18-29 years (n = 50); Group 2 (G2), 30-39 years (n = 16); Group 3 (G3), 4049 years (n = 16);
Group 4 (G4), 50-59 years (n = 16); and Group 5 (G5), 60 and above (n = 10).

2.2. Devices Used, Setup and Lighting

Readings on electronic devices were conducted using an 8th generation iPad (Model
A2270, Apple Inc., Cupertino, CA, USA) with a screen size of 250.6 x 174 x 7.5 mm and a
resolution of 2160 x 1620 pixels and an Ebook E-ink reader (Model InkPad 3, PocketBook
International SA, China, model PB740) with dimensions of 195 x 136.5 x 8 mm and a
resolution of 1404 x 1872 pixels. Times New Roman font was used, sized at 9 pixels for the
iPad and 10 pixels for the Ebook, adjusted for screen resolution. A VA of approximately
0.8 decimal was achieved on both devices at a reading distance of 50 cm. Both devices
were placed in a controlled lighting box with a chinrest and stand for proper positioning
(Figure 1A).

The readings were performed under illumination provided by a controlled lighting
box. The illumination on the corneal plane and the luminance of the reading device were
measured using a luminance meter (Model Mavo-Spot 2, Gossen-Kainos, Barcelona, Spain)
and a spectroradiometer (Model StellarNet Black Cornet, StellarNet, Inc., Tampa, FL, USA,
calibrated with C20080502 and NIST traceability).

Measurements of irradiance (W/m?) and illuminance (Ix) were taken on the corneal
plane, and screen luminance (cd/ mz) was recorded. The iPad emitted 59.57 cd/m?2, whereas
the Ebook emitted 58.01 cd/m?. The illuminance at the corneal plane was 257 Ix for both
devices, and the mean irradiance on the corneal plane was 0.90 W/ m?2 (Figure 1B).

An IRX3 Hartmann-Shack device (Image Eyes, Orsay, France) was used to assess
optical changes objectively after reading on both devices. It emits 780 nm near-IR light onto
the retina and uses a microlens matrix with detectors to measure the wavefront direction.
The participants observed the Snellen E for refractive error measurement. The device aligns
with the pupil, ensuring axial conjugation with a fixed 4 mm pupil on the corneal plane.
Each subject underwent three measurements: baseline, post-iPad reading, and post-Ebook
reading, with randomized session order and no refractive error correction.
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Figure 1. (A) Elements for the proper conduct of the study. (1) Controlled lighting box.

(2) Chinrest. (3) Stand for placing the electronic device. (4) Dispositive of lecture (in this case, the

iPad). (B) Normalized spectral irradiance (W/ m?) of the ambient light reaching the corneal plane

while reading.

For retinal thickness measurements, a 3D OCT-1000 (Topcon Corporation, Tokyo,
Japan) was used. Each subject’s eye was scanned six times to capture retinal images.
Baseline measurements were taken with the participant fixating on a central target for
central retina evaluation or peripheral retina images, and for REs, fixation was shifted 15°
temporally to the right, with participants focusing on the end of the device’s central line
(Figure 2).

Figure 2. (A) Tomographic section of the central retina. (B) Fundus image displaying central retinal
thickness in the Early Treatment Diabetic Retinopathy Study (ETDRS) grid. (C) Tomographic section
of the peripheral retina. (D) Fundus image displaying peripheral retinal thickness in the ETDRS grid.
All the images correspond to the right eye of the same subject.

Three scans of the central retina were taken: one at baseline, one after reading on
the iPad, and one after reading on the Ebook. The same procedure was followed for the
peripheral retina scans. The macular cube protocol with 128 B-scans was employed to
analyze macular thickness in nine ETDRS grid areas: central (1 mm, C), parafoveal (3 mm)
with temporal (In_T), superior (In_S), nasal (In_N), and inferior (In_I) regions and perifoveal
(6 mm) with temporal (Out_T), superior (Out_S), nasal (Out_N), and inferior (Out_I) regions.
The total retinal thickness from the internal limiting membrane (ILM) to Bruch’s membrane
(BM) was measured via these subdivisions. Quality control ensures accurate segmentation,
with scans of insufficient quality or errors being rejected and repeated.

2.3. Experimental Protocol

Measurements were conducted between 11:00 a.m. and 1:00 p.m. by the same ob-
server to reduce variations in retinal thickness. Aberrometry and OCT scans (central and
peripheral) were performed under scotopic lighting conditions, following the prescribed
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sequence. The participants were instructed to rest their chin and forehead on the chinrest
of the devices.

The measurement session lasted approximately 1 h and 10 min. It started with baseline
measurements of the RE, including aberrometry and central and peripheral OCT scans. The
participant was then positioned 50 cm from either an Ebook or iPad, with the device order
varying among participants. They read for 20 min on each device, followed by repeating
the baseline tests (aberrometry and OCT) under the same conditions. A 15-min break was
taken between readings to ensure that the conditions matched those of the initial tests. The
procedure was then repeated using the other device.

Lighting conditions were carefully controlled to ensure uniformity across all partic-
ipants. Potential confounding variables, such as screen contrast and participant fatigue,
were also considered; screen contrast was standardized based on previous studies, and
participant fatigue was minimized by randomizing the order of device use and assessing
VF through a subjective survey.

Finally, the participants completed a Google Forms questionnaire to gather their
subjective experiences before, during, and after reading with each device. The survey
covered general and ocular health issues, such as headaches and tearing, and sought
feedback on visual quality, comparing the two devices.

2.4. Data Export and Statistical Analysis

The collected data were analyzed via the Statistical Package for the Social Sciences
(SPSS) version 24.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics were computed
for quantitative variables, including the mean, standard deviation (+SD), maximum, and
minimum values. The Kolmogorov—-Smirnov test was used to assess the normality of
variable distributions, revealing that the sample did not follow a normal distribution.
Consequently, nonparametric tests for two related samples, specifically the Wilcoxon
signed-rank test, were used to examine differences between variables when the two reading
conditions were compared with baseline aberrometry and OCT measurements. A p-value
of < 0.05 was considered to indicate statistical significance.

3. Results

One hundred and eight healthy subjects participated in this study, of whom 66 were
women (61.11%), and 42 were men (38.89%), with a mean age of 36.58 years (+14.83) (range,
18 to 66 years).

3.1. Aberrometric Measurements of the Root Mean Square (RMS)

The aberrometer values for the baseline measurements and those after each continuous
reading session with each device are presented without age division. As shown in Figure 34,
significant differences were found in the total root mean square (RMStoTaL) between
baseline and readings with each device (p = 0.001 for the Ebook and p = 0.002 for the
iPad), indicating an increase after reading. The analysis then focused on HOAs and
LOAs separately. Significant differences were observed in the RMS; o4 (p = 0.001 for both
devices), whereas the RMSpps was not significantly different from the baseline value for
either device. Comparing the RMStorar, RMSy0a, and RMSpppa between the Ebook and
iPad reading conditions revealed no significant differences (p > 0.05).

A comparison of the spherical equivalent (M) in diopters (D) for all subjects (Figure 3B)
revealed significant differences between baseline and continuous reading on both the Ebook
(p = 0.026) and the iPad (p = 0.011). However, no significant differences were found between
the Ebook and iPad conditions, which is consistent with the RMS findings.
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Figure 3. Comparative graphical representation of the root mean square (RMS) in pm (A) and the
spherical equivalent (M) in D (B) before and after reading by devices considering all the subjects.
Comparative graphical representation of the RMSs in um (C) and M in D (D) before and after
reading by device stratified by age group from G1 to G5. Low-order aberrations (LOAs), high-order
aberrations (HOAs), 3rd-order aberrations (RMSs), 4th-order aberrations (RMSs), and 5th-order
aberrations (RMSs). The Wilcoxon signed-rank test for two related samples was assessed, and the
p-value is depicted above the graphical bars, marked with an asterisk (*), indicating statistically
significant differences when p < 0.05. The potential options are illustrated with a solid line when the
baseline measurement is compared with the Ebook reading, and a dashed line is generated when the
baseline measurement is compared with the iPad.

By dividing the sample into five age groups, significant differences in RMStoTaL Were
observed between baseline and post-reading with the Ebook in G1 (p = 0.004) and G2
(p = 0.002) and with the iPad in G1 (p = 0.001), G2 (p = 0.001), and G4 (p = 0.024). Differences
between the Ebook and iPad readings were noted in G3 (p = 0.049) (Figure 3C).

For the RMS; o4, significant differences were found between baseline and readings
after using the Ebook in G1 (p = 0.002) and G2 (p = 0.002) and after using the iPad in G1
(p = 0.007), G2 (p = 0.001), and G4 (p = 0.034). Differences between the Ebook and iPad
readings were noted in G3 (p = 0.02). No significant differences were found in the RMSg04,
indicating that the changes were confined to LOA.

A comparison of the M values (Figure 3D) revealed significant differences between the
baseline values and the readings on the Ebook in G1 (p = 0.012) and between the baseline
values and the readings on the iPad in G2 (p = 0.026). No significant differences were found
between the Ebook and iPad (p > 0.05).

3.2. Aberrometric Measurements of the Zernike Coefficients

The Zernike coefficient values, obtained from the aberrometer for baseline measure-
ments and those recorded after reading with both devices, are presented without stratifica-
tion by age group. Significant differences were observed only in the 2nd-order Zernike poly-
nomial C(2,0). Specifically, differences were noted between the mean baseline measurement
(0.588 £ 1.318 um) and readings from each device: the mean Ebook (0.656 + 1.321 pm) with
p =0.001 and the mean iPad (0.666 + 1.293 um) with p < 0.001. No significant differences
were found between the Ebook and iPad readings.
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From the 3rd to the 6th-order, no significant differences (p > 0.05) were observed in
any of the cases.

Among the five age groups, Figure 4A shows significant differences in the 2nd-order
Zernike polynomial C(2,0), with increases observed after reading on the Ebook in G1
(p =0.001) and G5 (p = 0.028) and after reading on the iPad in G1 (p < 0.001), G2 (p = 0.02),
G3 (p =0.039), and G4 (p = 0.036). C(2,0) increased in all groups except G5, which decreased
after reading on the Ebook. No significant differences were found between the Ebook
and iPad assessments (p > 0.05). Additionally, no significant differences were detected in
C(2,—2) or C(2,2) between the baseline and post-reading measurements (p > 0.05).
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Figure 4. Comparative graphical representation of the Zernike polynomial values of 2nd-order (A),
3rd, 4th, 5th, and 6th-order (B) polynomials before and after reading, using the two devices employed
for this purpose, considering differentiated by age groups from G1 to G5. The Wilcoxon signed-rank
test for two related samples was assessed, and the p-value is depicted above the graphical bars,
marked with an asterisk (*), indicating statistically significant differences when p < 0.05. The potential
options are illustrated with a solid line when the baseline measurement is compared with the Ebook
reading. The dashed line compares the baseline with the iPad, and the dotted line compares the
Ebook with the iPad.

Figure 4B presents Zernike polynomials from the 3rd to the 6th-order, showing distinct
trends compared with those of the 2nd-order polynomials, partly because of the smaller
y-axis scale. Significant differences were found for C(4,—2) (p = 0.044) and C(4,4) (p = 0.008)
in G2; C(5,1) (p = 0.034) in G4; C(5,3) (p = 0.014) in G3; and C(5,5) (p = 0.031) in G2, with
coefficients generally trending toward positive values after Ebook reading.

Significant differences were also observed for C(4,4) (p = 0.027) and C(6,—4) (p = 0.038)
in G2 after reading on the iPad, with similar trends toward positive values. No significant
differences were found between the Ebook and iPad readings (p > 0.05).

3.3. OCT Measurements of Central and Peripheral Retinal Thicknesses

The total retinal thickness and volume in the nine ETDRS areas were assessed at
baseline and after reading with both the iPad and the Ebook (Figure 5A-C) without dividing
the sample. Significant differences were found only in the central area, with an increase in
retinal thickness after reading the Ebook (p < 0.001). No significant differences were noted
between baseline and post-reading measurements on the iPad or between the iPad and
Ebook readings, which is consistent with findings for total volume and average thickness.
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Figure 5. Comparison between baseline measurements and measurements taken after continuous
reading on the iPad and Ebook (A) in each of the 9 Early Treatment Diabetic Retinopathy Study
(ETDRS) areas, the total volume (B) and the average total thickness (C) of the central retina of all
subjects. Comparison between baseline measurements and measurements taken after continuous
reading on the iPad and Ebook (D) in each of the 9 ETDRS areas, the average total thickness (E) and
the total volume (F) of the central retina when differentiated by age groups from G1 to G5. The
Wilcoxon signed-rank test for two related samples was assessed, and the p-value is depicted above
the graphical bars, marked with an asterisk (*), indicating statistically significant differences when
p < 0.05. The potential options are illustrated with a solid line when the baseline measurement is
compared with the Ebook reading. The dashed line compares the baseline with the iPad, and the
dotted line compares the Ebook with the iPad.
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The average total retinal thickness values were 270.18 + 13.84 pum at baseline
(233.91-309.42 um), 270.31 £ 13.77 pm after reading on an iPad (233.33-303.78 pm), and
269.96+ 14.52 um after reading on an Ebook (219.41-305.13 pm). The average total volume
values were 7.64 4 0.39 mm? at baseline (6.61-8.75 mm?), 7.65 + 0.39 mm? after reading on
an iPad (6.60-8.59 mm?), and 7.62 + 0.41 mm? after reading on an Ebook (6.20-8.63 mm?).

For the peripheral retina of all the subjects, comparisons were performed that were sim-
ilar to those for the central retina. No significant differences were observed in retinal thick-
ness across any of the 9 ETDRS regions, nor in total retinal volume, or average thickness.

When the sample was stratified by age group, significant differences were noted in
the central area. In G1, retinal thickness increased significantly after reading on both the
Ebook (p = 0.008) and the iPad (p = 0.036) (Figure 5D). In G2, a significant decrease in retinal
thickness was observed in the Out_T area after reading on the Ebook (p = 0.01) (Figure 5D).
No significant differences were found in total average thickness or total volume; thus,
p-values are not shown (p > 0.05) (Figure 5E,F).

Significant differences were observed in the central peripheral area between the base-
line value (226.12 £ 16.40 pm) and after reading on the Ebook (225.88 £ 14.87 um) in G1,
with a p-value of 0.058, indicating a trend toward decreased retinal thickness. In G5, the
total average thickness increased from baseline (223.35 £ 6.79 um) to after reading on the
Ebook (228.12 £ 7.65 um), with a p-value of 0.050. No significant differences were found in
total volume; thus, p-values are not reported (p > 0.05).

3.4. Subjective Survey Results

The comparison of visual quality between the two reading devices focused on per-
ceived ocular effort and clarity is represented in Figure 6. The participants rated their
ocular effort on a scale from 0 (none) to 5 (a lot) (Figure 6A). They also assessed visual
clarity on a scale from 0 (completely clear) to 2 (blurry), with reference images showing
different blurriness levels (Figure 6B).

Lineal (iPad) Lineal (Ebook) B
8
0
2 0 (Ebook)
15 = 34 1 (Ebook)
"E 2 (Ebook)
3 =0 (iPad)
; £ 7 1 (iPad)
4 - < 2 (iPad)
1 1 0
2 3 4 5

Figure 6. (A) The comparison of image quality between the two reading situations, iPad and Ebook,
depending on the subjectively perceived effort stated by participants, where 0 represents “none”, and
5 represents “a lot”. The orange bars indicate the number of subjects for each answer choice after
reading onthe Ebook, along with the linear trend line for these data in the same color. The blue bars
represent the corresponding results for the iPad device. (B) The comparison of visual quality between
the two reading conditions, iPad and Ebook, based on the clarity perceived by the participants while
reading, where 0 represents “clear”, 1 represents “slightly blurry”, and 2 represents “blurry”. The
orange pie portions indicate the number of subjects selecting each response option after reading
onthe Ebook, whereas the blue pie segments show the corresponding results for the iPad, as indicated
in the legend.
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The results revealed that the Ebook was preferred over the iPad, with participants
reporting less ocular effort (Figure 6A) and better visual clarity (Figure 6B) while using
the Ebook.

Additionally, a more detailed analysis of the survey results revealed that subjects who
rated their visual experience with scores of 3 or higher on the scales of blurriness and ocular
effort presented differences in the mean age between the devices. For the Ebook, the mean
age of these participants was 49.5 years, with a total of 5 subjects, whereas for the iPad, the
mean age was 51.9 years, with 9 participants.

4. Discussion

This study investigated the effect of 20 min of reading on an iPad and Ebook on subjec-
tive VF and objective optical and morphological changes in ocular structures, specifically in
the lens and retina, respectively. Participants aged 18 to 66 read under controlled lighting,
and measurements revealed changes, particularly in ILOA, with variations across different
ages. These findings provide insights into the influence of digital device use on visual
health, emphasizing age-related effects.

The aberrometry results revealed significant differences in RMStorar values, at-
tributed solely to LOAs and not HOAs. This finding is expected because LOAs are as-
sociated with refractive errors, which can vary and cause significant differences due to
visual accommodation during 20 min of continuous reading. This finding aligns with
studies indicating that LOAs change with accommodation [26]. For example, He et al.
investigated how the accommodation process affects wavefront aberrations in a crystalline
lens, including LOAs [27]. Similarly, He et al. focused on how chromatic aberrations in the
eye, including LOAs, change with accommodation [28]. Additionally, Llorente et al. [29]
compared optical aberrations in myopic and hyperopic eyes and examined how these
aberrations change with accommodation. They also investigated the relationships between
M and ametropia across different age groups and reported significant differences at the
age of 30 years [29]. In our study, significant differences in M were observed, leading to
division into age groups. Significant results were found only in G1 and G2 (18-39 years),
where accommodative capacity remained unchanged. These differences between younger
and older groups are likely due to age-related decreases in accommodative capacity, with
older individuals experiencing reduced flexibility in focusing on near objects, which may
limit the eye’s ability to produce significant aberrations.

The variations in LOAs could be due to changes in tear film regularity. The literature
suggests that continuous reading can alter tear quality, potentially affecting the study
participants’ results [30]. Another study revealed that in participants with varying tear film
breakup times, the number of spherical aberrations increased steadily over time [31]. In
our case, the participants were instructed to blink frequently, avoiding these types of side
effects, and focus exclusively on accommodative variations.

According to the OCT results, no significant differences were detected in any region
except in the central area of the ETDRS when baseline measurements were compared
with continuous reading using an Ebook device. Although a significant increase in central
retinal thickness was observed after reading on the Ebook, no changes were noted after
reading on the iPad. This difference may be due to the distinct display technologies used:
Ebook with e-ink displays cause less VF than the backlit LCD screens of iPads do, the latter
of which may contribute to more visual strain. These findings suggest that the type of
screen technology may influence ocular health and that devices with e-ink displays may be
better suited for extended reading sessions. Few papers other than the study by Orduna-
Hospital et al. [25], which motivated our investigation, have examined retinal behavior
during continuous near tasks. No significant changes in average retinal thickness, quadrant
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thickness, or volume were detected across different devices, regardless of age group, for
either the central or peripheral retina. Although previous studies have covered a broad
population range, enlarging the sample size in each age group and increasing the digital
reading time could yield more consistent results. Notably, total retinal thickness, including
that of various layers, decreases with age [32]. The study by A. Leon et al. revealed a
significant increase in accommodative lag between the ages of 40 and 60, supporting the
findings of age-dependent variations in accommodative capacity [33].

Lighting conditions were controlled in all the experiments. Low screen luminance
and ambient light increase eye movements (mainly saccades) and blinks, indicating greater
visual discomfort [22,25,34]. The subjective survey revealed greater discomfort when
reading on the iPad, which seemed to be brighter, despite both devices having consistent
brightness levels. Other studies have reported similar findings [35], and in a previous
study by our research group, young people were more comfortable when reading with an
Ebook [25].

The widespread use of digital devices for learning, work, and leisure, driven by
modern lifestyles, has raised concerns about their impact on general and visual health
from early childhood to old age [36,37]. Increased screen time and prolonged digital
device use can worsen visual issues or cause new ones, leading to symptoms such as
eyestrain and dry eyes and conditions such as convergence insufficiency and myopia
progression [38-40]. A previous study revealed that exposure to blue light from digital
devices affects ocular structures such as the cornea, lens, and retina. This finding led to the
recognition of potentially harmful effects while emphasizing the need for more research
to establish definitive causal relationships and contextualize the impact of prolonged use
of digital devices under real-life exposure conditions [41]. Another study revealed that
blue light-blocking filters did not significantly alter muscular activity or visual symptoms
during a 30-min reading task in asymptomatic subjects, suggesting that blue light filters
are ineffective [42].

Understanding how the visual system reacts to digital environments across different
ages is essential for developing targeted interventions to improve visual health. Research
on the effects of electronic devices on reading and long-term visual health can help create
age-specific strategies for better visual well-being. Future studies should include larger
samples, longer reading durations, additional retinal parameters, and broader age ranges
to clarify the long-term impact of digital device use on visual health. Addressing these
factors is essential for minimizing risks and improving visual comfort in our increasingly
digital world. This study focuses on the effects of reading on an Ebook and an iPad, and
the findings may not extend to other devices with different screen technologies and usage
patterns. Future research should include a wider range of devices to understand their
impact on ocular health better.

Practitioners should recommend regular breaks and proper ergonomics to reduce VE,
especially in older users. Researchers are also encouraged to investigate other reasons,
such as retinal microcirculation and the cumulative effects of various screen technologies
on refractive and retinal changes across diverse age groups, to understand the long-term
implications of digital reading in depth.

5. Conclusions

Moderate-duration reading on both the iPad and Ebook induces significant changes
in LOAs, as evidenced by increased RMSy pa values post-reading, whereas HOAs remain
unaffected. Central retinal thickness increases significantly after reading on the Ebook but
not on the iPad, suggesting device-specific effects on ocular morphology. No significant
differences were observed between devices for overall RMS or M. These findings indicate
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that although both devices impact VF and ocular parameters, the effects vary by device
and are more pronounced in specific age groups.
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